JANUA 


Y 


| i) 
71030"2660 
P2550 


S 
7 0 
P 03/0 

$ 


l 


272 


1 
1 


A 


Paa ii 

M eetigh Power 7 SC200_ 

A DC Motor . High Powek 

oe, ~ speed Amplifier” ~ 
<—eecontroller:«@ Module: . :. - 

N = 12-60V; - 200W;. ow 

ae Up to 40A, easy to,bulld’: 


COLOUR RADIO WAVES 


from BILLIONS of years ago and 
BILLIONS of kilometres away - 
Mia Murchison, WA, SKA 


INC GST 


1 
6-0 


"o 


Your fi 
mic first 


ro f 
Using Quwects: 
pro g r am a to 


e 
€ b 


Jaycar duinotech 


Electonics PROJECT OF THE MONTH 


Our very own specialist's are developing fun and challenging 
Arduino®-compatible projects for you to build every month, 
with special prices exclusive to Nerd Perks Club Members. 


Here's a great project XC-4410 


for green thumbs. It $ fi aS z XC-4482 
reads soil moisture, 4 $ : : 
temperature and 

humidity in your 

garden, and sends the 

data wirelessly to a 

display. The LCD shows 


the data in a graph 

and text so you can Finished Project 

see when your garden 

needs watering. You 

can also add other 

sensors to make your k : , 

own custom monitor. £ ; È Ta iy We-6028 


MORE INFO i ~ “iy WHAT YOU WILL NEED: 
ONLINE VALUED AT $162.50 


NERD PERKS CLUB OFFER 2X UNO MAIN BOARD XC-4410 $29.95 

BUY ALLFOR | 240X320LCD TOUCH SCREEN FOR ARDUINO  XC-4630 $29.95 

SEE STEP-BY-STEP INSTRUCTIONS AT y 9 2X PROTOTYPING BOARD SHIELD XC-4482 $15.95 
jaycar.com.au/wireless-garden-monitor $] 1 9 2X 24GHZ WIRELESS TRANSCEIVER MODULE XC-4508 $9.95 
TEMPERATURE & HUMIDITY SENSOR MODULE XC-4520 $9.95 


SAVE OVER $43 150MM PLUG TO SOCKET JUMPER LEADS 40 PCS WC-6028 $5.95 
SOIL MOISTURE SENSOR MODULE XC-4604 $4.95 


EXPAND IT Uy 


TN 
ij 
$37% 
ULTRAVIOLET ARDUINO® COMPATIBLE 
PHOTOSENSITIVE LDR SENSOR MODULE RELAY BOARDS xc-4419 
SENSOR MODULE xc-4446 RAIN SENSOR MODULE XC-4518 Use your Arduino® project to switch 
Measures light levels. Connect it straight  XC-4603 Can be used to measure UV exposure real world devices. Status LEDs show 
into your Arduino® board to build a night/ This sensor will detect contact from any from the sun, or even check that your UV channel status. Screw terminals for easy 
day sensor, a sun tracker or combine it conductive object, not just rain, soitcould  Steriliser or EPROM eraser are working connection to relay contact. 
with our laser module XC-4490 to makea be used for as a large touch sensor panel correctly. 1 CHANNEL 5VDC XC-4419 $5.45 r 
laser trip wire. as well as letting you know when it's e Response wavelength 200-370nm 4 CHANNEL 12VDC XC-4440 $12.95 


e 29(W) x 22(D) x 10(H)mm raining. e 43(L) x 13(W) x 8(H)mm 8 CHANNEL 12VDC XC-4418 $19.95 


EARN A POINT FOR EVERY DOLLAR SPENT 
AT ANY JAYCAR COMPANY STORE: & BE 
REWARDED WITH A $25 JAYCOINS GIFT 
CARD ONCE YOU REACH 500 POINTS! 
“Conditions apply. See website for T&Cs 


NERD PERKS CLUB MEMBERS RECEIVE: 


0% OFF 


ALL DC POWER & TRAILER CABLES =. ao J 
IN ROLL OR BY THE METRE : 3 e =" Jaycar REGISTER ONLINE TODAY BY VISITING: 


www. jaycar.com.au/nerdperks 


Catalogue Sale 26 December, 2016 - 23 January, 2017 ’ To order phone 1800 022 888 or visit www.jaycar.com.au 


Features 
16 Pumped Storage Hydroelectricity 


With the headlong rush of some Australian states to sacrifice anything to do with 
fossil-fuelled power generation, Pumped Storage Hydroelectricity could possibly 
overcome the intermittency of renewables — by Dr David Maddison 


26 Viewing Radio Waves in Colour 


Astro researchers at WA’s Murchison Square Kilometre Array are assigning 
colours to radio waves from the deepest of deep space — by Ross Tester 


69 Using Breadboards -They Make Development Easy! 
Using plug-in breadboards (or protoboards) to develop and debug circuits can 
save a lot of tears! — by Ross Tester 


82 Real-Time System Modelling 


Using Arduino to model faults in servos in real time — by Karthik Srinivasan 


86 Set-top Boxes Make Great (Cheap!) PVRs 


Digital set-top boxes, intended to allow digital TV reception on analog TV sets, 
also make great personal video recorders with a USB stick — by Jim Rowe 


Projects mio) Build 
28 New SC200 Audio Amplifier 


This module replaces the venerable SC480 amp. It’s not only high performance 
— 200W of grunt and very low noise and distortion — it's also easy to build with 
NO tiny SMD devices to worry about — by Nicholas Vinen and Leo Simpson 


36 High Power DC Motor Speed Control 


Want to accurately control the speed of a DC motor? Not only does this new 
controller handle motors from 12 to 60V, at currents of up to 40A, it also caters 
for both high side and low side switching — Design by John Clarke 


62 Programming the ATtiny85 With an Arduino 
Atmel's ATtiny85 is cheap and easy to adapt to give your project a digital control. 
But how do you program it? With an Arduino and a personal computer, it really 
is child’s play! — by Lawrence Billson 


72 El Cheapo Modules from Asia - Part 3 


Several low-cost computer interface modules to play with! — by Jim Rowe 


80 Giving the Ultrasonic Theremin a Volume Control 
Last month we introduced you to the Theremin using an ultrasonic transmitter 
and receiver to control pitch. Now we go one step further and give it volume 
control, again using ultrasonics — by Bao Smith 


SiprelcilalllGollluiminis 


43 Serviceman’s Log 
When spare parts aren’t around — by Dave Thompson 


57 Circuit Notebook 


(1) LoRa remote repeater for long-range dogotal communication (2) Two serial 
multiplexers (3) Improved PICAXE Wireless Rain Alarm 


90 Vintage Radio 
Pye 1951 5-Valve Model APL-Modified — by lan Batty 


Departments 
2 Publisher’s Letter 100 SC Online Shop 
4 Mailbag 103 Market Centre 
71 Product Showcase 104 Advertising Index 


95 Ask Silicon Chip 104 Notes & Errata 


Pumped Storage < 
| Hydro Electricity — Page 16. 


12-60V, 40A DC Motor Speed 
Controller — Page 36 


R2 


ay A 


More el-cheapo modules to play 
with — Page 72 


| Want a PVR? Use an STB! <y 
— Page 86. : 
JANUARY 2017 1 


Publisher & Editor-in-Chief 


Leo Simpson, B.Bus., FAICD 
S Editor 
_ Nicholas Vinen 


Technical Editor 
__ John Clarke, B.E.(Elec.) 


-Technical Staff 
-~ Ross Tester 
~ Jim Rowe, B.A., B.Sc 
= Bao Smith, B.Sc 


Photography 
Ross Tester 


Reader Services 
Ann Morris 


Y 


Advertising Enquiries 
Glyn Smith 
Phone (02) 9939 3295 
Mobile 0431 792 293 
glyn@siliconchip.com.au 


Regular Contributors 
Brendan Akhurst 
David Maddison B.App.Sc. (Hons 1), 
PhD, Grad. Dip.Entr.Innov. 
Kevin Poulter 
Dave Thompson 


= SILICON CHIP is published 12 times 


a year by Silicon Chip Publications 
Pty Ltd. ACN 003 205 490. ABN 49 
003 205 490. All material is copy- 


tight ©. No part of this publication 


may be reproduced without the written 


-consent of the publisher. 


Printing: Offset Alpine, Lidcombe, 
NSW. 


Distribution: Network Distribution 


Company. 
Subscription rates: $105.00 per year 


in Australia. For overseas rates, see 
our website or the subscriptions page 
in this issue. 


Editorial office: 
Unit 1, 234 Harbord Rd, 
Brookvale, NSW 2100. 


Postal address: PO Box 139, 
Collaroy Beach, NSW 2097. 


~ Phone (02) 9939 3295. 


2 


E-mail: silicon@siliconchip.com.au 


ISSN 1030-2662 
Recommended & maximum price only. 


SILICON CHIP 


Publisher's Letter 


Pumped hydro storage 
is no panacea for renewables 


Pumped storage will not allow renewable power 
sources to replace base-load power stations. There, I 
have said it. As indicated in last month’s Publisher’s 
Letter, we do have an article on Pumped Hydroelec- 
tric Storage in this month’s issue, written by Dr David 
Maddison. 

Australia has had the Snowy Hydroelectric Scheme 
for over 40 years and an important part of that system 
is pumped storage; Tumut 3, to be specific. Of course, the Snowy scheme was 
built long before renewable power sources were even thought of. It has been a 
great system and it could be expanded, as described in David Maddison’s article. 

However, when you want to substitute renewables for coal-fired power sta- 
tions, which Australian state governments seem committed to, pumped stor- 
age won’t allow renewables to give reliable 24-hour power delivery. If you 
wanted to substitute wind turbines for a 1GW coal-fired power station, say, you 
would need about 3000 1MW turbines, because they only generate power for 
about 30% of the time. If you are going to back up those wind turbines with 
pumped storage, you need a system similar in size to the Snowy’s Tumut 3, 
which would only provide power for up to three days. 

And if our national grid is to have a much higher proportion of renewable 
energy inputs instead of boring base-load power stations, then we have a much 
greater problem. The Australian Labor Party is advocating that renewable en- 
ergy sources should make up 50% of the grid. That is just not workable. 


Airbags could kill your daughter 


Most people who read our feature article on Airbags in the November 2016 
issue probably regard them as a wonderful development which reduces car 
accident deaths and serious injuries. Inevitably though, some people do man- 
age to turn their car’s airbags into potentially lethal weapons. How? Just con- 
sider all those young girls who ride in the front passenger’s seat with their feet 
up on the dashboard; actually on the panel for the passenger’s front airbag! I 
shudder to think of the severity of their injuries when the car has a collision 
in which that airbag is activated. 

In just a matter of milliseconds, the passenger’s airbag becomes fully inflated. 
At the same time, the girl’s torso will have begun to “porpoise” underneath the 
seatbelt and her pelvis will keep moving at the car’s original velocity into the 
foot-well, underneath the glovebox. At same time, her legs will be accelerated 
to more than 200km/h past her head, missing it, if she’s lucky. Or perhaps not. 

So what sort of injuries can she expect? The list probably includes smashed 
pelvis and damaged hips, broken legs, dislocated knees, all sorts of torn liga- 
ments and tendons, and that’s without considering severe internal organ dam- 
age, broken ribs, punctured lungs and the possibility that her knees and arms 
do collide with her face. Death seems highly likely just from shock. 

Maybe you feel superior in not being guilty of the above stupidity. But many 
people sit way too close to the steering wheel — they are in harm’s way. And if 
they drive with their right hand at 10 o’clock on the wheel (or with left hand 
at 2 o’clock), in the event of a collision their hand could become a projectile 
which hits their face at over 100km/h! So keep the wheel at arm’s length and 
do not cross your arms over the wheel when driving. 

I wish every reader a safe and happy New Year. Finally, last month we fare- 
welled Greg Swain who has worked for SILICON CHIP since its inception in 1987 
and before that, at Electronics Australia magazine; a period of more than 40 
years. Enjoy your well-deserved retirement, Greg. 


Leo Simpson 
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Electric fence standard 
still specifies energy limits 

I am writing to respond to the 
anonymous letter published on page 
8 of the November 2016 issue, con- 
cerning the safety of electric fences. 
The writer suggested that the latest 
electric fence standards “no longer 
specify a limit on the energy delivered 
by a single pulse”, and that energisers 
delivering 50 joules or more are now 
available, with the author implying 
that these are unsafe. 

The electric fence standard AS/NZS 
60335-2-76 includes comprehensive 
construction requirements that are up- 
dated regularly to keep up with the lat- 
est safety practices. The standard ap- 
plies an RMS current limit and corre- 
sponding energy limit, at all loads. For 
the minimum likely load representing 
a human, this limit ensures that the 
shock delivered is safe. 

Specifically, the RMS current value 
varies depending on the pulse dura- 
tion. Longer durations require a low- 
er permitted RMS current. This limit 
applies across the 5002 component of 
the “standard load”, where the stand- 


Mozzie Lure may not be total solution 

Regarding the Mozzie Trap project 
in the October 2016 issue, well done 
on taking a lead to attempt to eradi- 
cate this deadly pest. Our evenings 
outside are invariably ruined at dusk 
by these pests, despite having tried 
all sorts of advertised devices. The 
potential health risks are apparently 
also increasing around certain cities 
in Australia. 

I deduce that the daytime Aedes 
egypti is not the one that attacks at 
dusk, however. In the hope that the 
484Hz tone generator device would 
be the solution, I read further via 
your link and found a comment 
by the James Cook researcher, Bri- 
an Johnson, who perhaps correctly 
comine nte 

... there was no chance of elim- 
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ard load is defined as a 500Q resistor 
in series or parallel with a variable re- 
sistor set to any value. 

The 500Q component represents 
the reasonably foreseeable “worst 
case” (least value) circuit resistance 
for a human coming into contact 
with an electric fence, taking into 
account serial impedances in the 
circuit formed. 

The current limit is based on exper- 
imental work conducted many years 
ago and is on a similar basis to the 
limits that apply for RCDs. The limits 
are published in IEC TR 60479-2, “ef- 
fects of current on human beings and 
livestock”. 

These limits are endorsed by the In- 
ternational Electrotechnical Commis- 
sion (IEC) and have proven to be con- 
servative over a long period. 

Energisers with outputs over 5 
joules are commonplace, however 
all those approved for sale in NZ and 
Australia comply with the output lim- 
its mentioned and are extremely safe. 

Entanglement or entrapment is the 
main risk factor with electric fencing, 
and is the reason behind the develop- 


inating mosquito populations by 
trapping males alone, as only a few 
needed to survive to continue the 
breeding cycle.” 

So, we may need a more compre- 


hensive version with CO, genera- 


tion, octenol, UV, fans and soapy 
water to provide a more effective 
lure. The CO, generator would need 
to emit around 3kg a week, normal- 
ly generated from propane/butane! 

Perhaps SILICON CHIP could liaise 
with Brian Johnson to see if we ama- 
teurs can help expand the attack on 
mossies. Their published data indi- 
cates that the 484Hz attractor would 
be an add-on to existing devices. 

David Kitson, 

Perth WA. 
https://www.jcu.edu.au/news/ 
releases/2016/january/love-hertz 


ment of the fence construction stand- 
ard AS/NZS 3014 mentioned by the 
author. Overall the risks associated 
with electric fencing remain very small 
compared to other risks, such as being 
hit by lightning or driving a motorcar 
or farm bike. 

Mark Harris, 

Marketing Manager, 

Gallagher Group Ltd. 


www.gallagher.com 


Radio Australia’s shortwave 
transmissions to cease 

Radio Australia’s transmitting 
station just north of Shepparton (Ver- 
ney Road), the largest in Australia and 
perhaps the Southern Hemisphere, is 
to close on 31st January 2017. Radio 
Australia is an icon for both Sheppar- 
ton and Australia, having been there 
since 1944. 

To quote from the ABC press release: 
“The ABC will end its shortwave trans- 
mission service in the Northern Ter- 
ritory and to international audiences 
from 31 January 2017. 

The move is in line with the nation- 
al broadcaster’s commitment to dis- 
pense with outdated technology and 
to expand is digital content offerings 
including DAB+ digital radio, online 
and mobile services, together with FM 
services for international audiences.” 

AND 

“once international shortwave ceas- 
es transmission, international listeners 
can continue to access ABC interna- 
tional services via: 
© a web stream at www.radioaustral- 
ia.net.au/international/isten 
© in-country FM transmitters, see Ra- 
dio Australia’s ‘Ways to Listen’ at: 
www.radioaustralia.net.au/inter- 
national/radio/waystolisten/fiji 
@ the Australia Plus expat app (avail- 
able in both iOS and Android) 
© partner websites and apps like www. 
tunein.com and www.vtuner.com 
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Mailbag: continued 


Does renewable energy really 
damage the Australian economy? 

The argument that the recent “sys- 
tem black” outage in South Australia 
was caused by the use of renewable 
energy generation suggests that since 
wind-generation was in use prior to 
the system failure, the wind-gener- 
ation MUST have been the cause of 
that failure — without any argument 
that would justify that conclusion. 

Even the preliminary analysis 
now available from AEMO defines 
that the fundamental failure was a 
transmission failure caused by mul- 
tiple structural failures of transmis- 
sion towers in high winds. That 
transmission system failure bears no 
relationship to the generation sourc- 
es involved — if a coal or gas plant 
was similarly isolated by a trans- 
mission failure, the network dam- 
age would be quite similar. 

The Publisher continues to argue 
that intermittency of wind and so- 
lar generation necessitates expen- 
sive backup generation, which is a 
completely different topic appropri- 
ate to separate consideration. I note 
that the unique instance where ex- 
traordinary costs were involved for 


backup power in SA refers to a single’ 


short-lived incident where suppliers 

of gas-generated power shamelessly 

exploited a short-term shortfall. 
Inote that despite the forecast and 


To me, this is a very short-sighted 
action that will deprive poorer people 
in the South Pacific and areas of Asia 
of a news and entertainment source. 
Many of these people don’t have 
affordable internet access and short- 
wave radio is one of the few avenues 
they have for hearing world news. 

In addition, shortwave radio does 
not recognise the boundaries of coun- 
tries that do not welcome our short- 
wave services, so these people can hear 
outside news that is not censored by 
the ruling government. 

The ABC does have local radio sta- 
tions in various countries but these 
can be shut down very quickly by the 
administration of a country not wish- 
ing to have Australian news and en- 
tertainment available to their people. 
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a Severe Storm Warning (Destructive 
Wind/Rain/Hail) over significant ar- 
eas, the Heywood connector was run- 
ning at near full capacity (525 MW 
vs 600MW) which meant that it was 
vulnerable to overload and tripping 
in case of any significant faults on the 
SA side of the border. A loss of even 
75MW would have caused trouble. 
The loss of access to 315MW of gen- 
eration precipitated the shutdown 
of the connector and the resulting 
blackout that was then unavoidable. 
Had the interconnector been running 
at a lower level, the total system out- 
age may have been ameliorated or 
perhaps even prevented. 

The comparison to crises in other 
situations is quite facile. More de- 
tails on the network topology and 
operational status at the critical 
times would be needed before any 
meaningful comparison is possible. 

Jim Boyle, B.E. (Elec) 

Hawthorn East,Vic. 

Comment: you seem to overlook 
that 415MW from nine wind farms 
scattered right across the SA net- 
work shut down, yet all of the mea- 
gre, available, “real” generation sol- 
diered on. It also appears that there 
was enough of the transmission re- 
maining which would have enabled 
at least parts of the state to keep op- 
erating if there had been adequate 
base load power generation. 


Ifreaders feel strongly about this I’d 
suggest they contact the ABC and vari- 
ous MPs and local councils, to express 
your opposition to this short-sighted 
action. Not long ago it was announced 
that Macquarie Island sub-Antarctic 
base was to close in March 2017. 

Within around a week the negative 
feedback that the government got over 
this caused the relevant federal min- 
ister, the Honourable Josh Frydenberg 
MP, to reverse this decision and to 
effectively rebuild the base over the 
next decade. So readers’ input could 
help reverse the decision to close 
Radio Australia. 

To get a better range of information 
about this and the feelings of a num- 
ber of groups go to: about.abc.net. 
au/press-releases/shortwave-radio 


and look at other internet sites which 
have further info which explains our 
concerns about this closure. 

Rodney Champness, 

Mooroopna, Vic. 


Transistor symbols show current flow 

Ihave to disagree with Greg Walker’s 
letter (page 8, December 2016) as to why 
in this day and age we still use conven- 
tional current flow. When I went to ra- 
dio tradesman school back in the early 
seventies they had switched to the so 
called politically correct electron flow. 

I had great difficulty as did my class 
mates when we had to add up all the 
plus and minus voltages and con- 
vert them to currents when the signs 
were all incorrect for electron flow we 
often got it very wrong. It was a real 
headache on top of the work we were 
trying to do. 

Things such as the transistor emit- 
ters’ arrows showing conventional 
current whilst field effect transistors 
gates showed electron flow were also 
all very confusing. I was so delighted 
when years later in the mid-eighties I 
went back to school to learn about digi- 
tal electronics to find they had changed 
back to conventional current flow. 

It made our work around circuits so 
much easier. If they had just changed 
the plus and minus signs over instead 
of the arrows indicating current flow, 
all would have been good and every- 
one would have been happy. 

Istill have trouble today with work- 
ing out what field effect transistor I 
am dealing with as in the diagram, 
the arrow for the gate is pointing the 
wrong way. The transistor emitter ar- 
row points the right way. 

David Francis, 

Sydney, NSW. 


lonisation smoke alarms 
to be banned in Queensland 

It has just been legislated in Queens- 
land that ionisation smoke alarms 
will be banned from installation in 
new homes by next year, and from all 
homes in five years time. 

I have read a lot of information on- 
line that seems to support the photo- 
electric alarms instead of ionisation 
alarms, as being the fastest to respond 
to the detection of smouldering smoke. 
However, I have not found any online 
testing results or any substantiated 
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Mailbag: continued 


Current flow is correct 

The letter from Greg Walker, in 
the Mailbag pages of the December 
2016 issue, perpetuates the myth 
that the current flow in metals is 
better explained by the direction 
that electrons move. This view 
is too simplistic. The Hall effect 
shows that, while in most metals 
the majority carriers are negative- 
ly charged (ie, electrons), in some 
metals, such as zinc, the majority 
carriers are positive. 

The positive carriers are called 
holes and cannot be simply ex- 
plained by electrons moving in the 
opposite direction as this would 
give the wrong sign to the Hall 
voltage. A fairly advanced under- 
standing of solid state physics is 
required to explain this. Since the 
majority carriers in some metals 
are positive, there is no logically 
compelling reason to change the 
definition of conventional current 
which correctly indicates charge 
transfer whatever the carrier. 

Nigel Miles, 

Goosebery Hill, WA. 


proof anywhere of this. 

As a matter of fact, by my own per- 
sonal testing, I have found results 
to be the reverse of any speculation. 
Anyone who has both ionisation and 
photoelectric smoke alarms installed 
in their homes can do simple tests to 
evaluate which of the two is the quick- 
est to respond. 

You can do this simply by using 
a mosquito coil or any other smoke 
source, and holding it at the same 
distance and angle away from each 
respective smoke alarm, keeping in 
mind that ventilation in the vicinity 
of both alarms should be as similar 
as possible. 

By my own testing I have found that 
out of my 10 smoke alarms, all eight 
ionisation alarms respond in 40 sec- 
onds average time, and the two pho- 
toelectric alarms respond in six min- 
utes average time. The tiny smoke from 
the mosquito coils can be compared to 
the VERY beginnings of smouldering 
smoke of a real house fire. 

So the speed of response to the 


8 SILICON CHIP 


very initial beginnings of smoke is 
crucial, rather than waiting for thick 
toxic smouldering smoke builds up 
and the alarm responds, by then way 
too late! 

So I turn to you, SILICON CHIP, the 
company that I’ve known for years 
and respect, is there something that 
I’ve missed, and can you accomplish 
any other tests more scientifically 
to determine which of the alarms 
are the best for quickest activation 
and response? This is a very crucial 
matter and may prove vital in saving 
peoples’ lives. 

As far as smoke alarms are con- 
cerned, I believe that many house fire 
tragedies are due to either having no 
smoke alarms installed, or installed 
alarms without a battery connected. 

Interconnection of all alarms would 
help, with ionisation alarms installed 
in most areas that don’t trigger false 
alarms, together with photoelectric 
alarms installed near the kitchen and 
garage. (I also have had a dual cham- 
ber ionisation alarm installed in the 
attic area from the beginning, with 
good response to testing and no prob- 
lems there.) 

The company which has pushed and 
lobbied for the demise of ionisation 
alarms (Louie Naumovski of Slacks 
Creek House Fire Support Services) is 
now aggressively pushing for legisla- 
tion changes interstate and worldwide. 

In one of his submissions on the 
Queensland Parliament website, he 
states that ionisation alarms are trig- 
gered by heat particles and not smoke 
from a toaster causing false alarms. 

Heat particles - that sounds as new 
and mysterious as a black hole in the 
centre of the galaxy. 

I placed my hand an inch above a 
smoking mosquito coil and could feel 
faint heat and by raising my hand an- 
other half inch I could feel no heat 
whatsoever, holding my hand there 
for some time. 

By the way, the radioactive iso- 
tope Americium 241 used in ionisa- 
tion smoke alarms is such a harmless 
non-soluble particle that its tiny alpha 
emissions only travel a few centime- 
tres from it, and would be blocked by 
a sheet of paper, let alone the three 


enclosures of the standard alarm’s 
plastic casings. Therefore, the com- 
bined dumping of these alarms in large 
quantities would keep each and every 
one of them still shrouding the particle 
within the layers of plastic. 

Please reply on what your views 
are, and if you can’t do your own tests 
please refer me to a reputable source, 
as the proper end results of smoke 
alarm efficiency may determine life 
or death for some. 

Wally Fietkau, 

Slacks Creek. 

Comment: We do not have the exper- 
tise or resources to do the exhaustive 
tests which we assume would be re- 
quired in order to decide to ban one 
type of smoke detector in favour of the 
other. It would seem that both types 
could be installed in households, as 
you suggest. 

However, we are inclined to think 
that the real reason that ionisation 
types are to be banned is because they 
employ a radioactive isotope, Ameri- 
cium 241 and that would frighten un- 
informed people. Nor are we able to 
point you to any reputable source of 
information on this topic. 


Publisher's letter unit confusion 

On reading your Publisher’s letter 
in the current issue of SILICON CHIP 
(November 2016), I noticed an error of 
omission in your mention of the cost 
of electricity. The unit of energy is a 
megawatt hour, not a megawatt. 

I also tried to look at the Interest- 
ing Videos listed on page 23 but after 
trying to get the first three gave up as 
they were not available. 

Alan Torrens, 

Hornsby, NSW. 

Editor’s note: we checked the YouTube 
links on pages 22 and 23 of the Novem- 
ber 2016 issue (there are two on each 
page) and they all loaded fine. Please 
make sure you aren’t omitting the full 
stop between the “youtu” and “be”. 


50A charger regulator’s 
connections can be improved 
I would like to comment on the 50A 
battery charger regulator described in 
the November 2016 issue, as I disagree 
with your construction method. 
How the high amperage cables are 
connected, is in my opinion, incor- 
rect. Firstly, you have specified steel or 
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Trucking companies 


..and many more. Want to know more? Visit our website www.aussieirons.com.au or call (02) 9519 1200. 


Mailbag: continued 


South Australia’s 
electricity grid is inadequate 

I have just finished reading the 
November Issue Publisher’s Letter. I 
have to disagree with you using the 
September South Australian black- 
out as an argument against renew- 
able energy. I am not a “greenie” per 
se but Isee a future with renewable, 
some non-renewable, and even (dare 
Isay) nuclear energy. Your argument 
that wind generators caused the state 
wide blackout is incorrect. 

Firstly, the high winds started in 
the morning and continued unabat- 
ed all day and through the night. So 
if the wind had caused the turbines 
to shut down, they would have been 
shut.down for most of the day. There 
were localised blackouts due to the 
wild weather. 

According to one report the state 
wide blackout started at 3:50PM, 
but we still had power in Adelaide 
southern metro until around 5:20PM. 

You only mention in passing that 
some “spindly” transmission tow- 
ers were knocked down. Are the 
other state’s towers different from 
South Australia’s? In fact, it was 


stainless steel bolts. The bolts should 
be brass, in line with common practice 
for high amperage fittings. 

Secondly, the method of bolting 
the cables together and to the case is 
the biggest concern. In time, this ar- 
rangement is likely to overheat and/ 
or come loose. 

The correct method of connecting 
the cables is as follows. Firstly, take a 
bolt and place one of the lugs over it. 
Then thread on a nut and tighten the 
nut securely. Next, push this assem- 
bly through the hole in the ABS box 
and thread on another nut and secure 
it firmly. 

Then place the other lug on the bolt 
and thread on another nut, which is 
tightened securely. The bolt head may 
be either inside or outside, but it’s 
preferable to have it on the inside, to 
enable easy removal of the external 
cables if required. 

This method ensures that each lug 
is held tightly between two nuts or a 
nut and the bolt head. It may not be as 
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23 transmission towers that blew 
down, some of which were 275kV 
line towers. After the third 275kV 
line shorted, some of the wind farms 
reduced their output, and then the 
Heywood interconnector tripped. 
That was within seconds. 

After that the non-renewable pow- 
er stations went down along with the 
remaining wind farms and the Mur- 
ray interconnector. If the intercon- 
nectors did not disconnect, Victo- 
ria’s grid would probably have gone 
down as well. 

The wind farms did not cause 
the blackout, it was the downing of 
three 275kV transmission lines by 
unprecedented weather conditions 
that caused the entire South Austral- 
ian grid to overload and shut down. 
The blackout would have happened 
with or without the wind farms. This 
has been agreed by industry experts. 
Oh, the wind farms were producing 
power until the grid shut down. 

The truth is that South Australia’s 
electricity grid is inadequate and has 
been for decades. But even a perfect 
grid can not anticipate or cope with 
every possible disaster scenario. 


cosmetically appealing as the method 
shown in the article, but it guarantees 
amuch higher reliability, with negligi- 
ble chance of the connections becom- 
ing loose or overheating. 

Bruce Pierson, 

Dundathu, Qld. 


The AEMO has questions to answer 
about SA blackouts 

Leo Simpson’s explanation of the 
events that initiated the state-wide 
blackout in South Australia on the 
28th of September this year (Publish- 
er’s Letter, November 2016) is incon- 
sistent with the reports published by 
the Australian Energy Market Operator 
(AEMO). These can be viewed on the 
AEMO website at www.aemo.com.au 

The event was initiated by a narrow 
storm cell with hurricane force winds 
that travelled across the mid north of 
the state from the west. It left a narrow 
band of destruction in its path that 
crossed three separate 275kV trans- 
mission lines. All three transmission 


As for your examples of other se- 
vere weather outcomes, did those 
events happen across an entire state 
and hit most of the infrastructure? 
Cyclones in Queensland only affect , 
a small part of the landmass and 
the affected areas are automatically 
disconnected to protect the rest of 
the state. 

As for poor Haiti, there wouldn’t 
be much left of anything, let alone 
a power grid. In Florida, 2.2 mil- 
lion homes and businesses blacked 
out, that’s very much more than the 
whole of South Australia which has 
only 1.7 million people. 

I do not know why you insist on 
bashing renewable energy every 
chance you get. I agree with some 
parts of your arguments, such as base 
load power. As an engineer I know 
that what is not viable today, may 
become viable tomorrow. Science 
and engineering march forward eve- 
ry day and new solutions are found 
to many problems. So I would en- 
courage research into better, cleaner 
energy generation, not discourage it. 

Tony Onofrio, 

Highgate, SA. 


lines suffered a catastrophic failure of 
multiple towers. 

Let’s be clear about this! The wind 
turbines in the area only started to 
automatically shut down after their 
safety systems detected voltage distur- 
bances caused by the destroyed tow- 
ers and not because of the high winds. 
According to the Bureau of Meteorol- 
ogy, this was a once in 30-year event 
which had far more destructive power 
than a ‘stiff gale’! 

On an unrelated matter, your edito- 
rial rightly stated that the cost of peak 
power in South Australia “has risen as 
high as $14000 per megawatt” (note 
that “megawatt’ should have been 
“megawatt hour”). 

This occurred in early July 2016 
when high winds caused most of the 
wind turbines functioning at the time 
to shut down. There is no doubt that 
the high proportion of wind power in- 
stalled in South Australia was a fac- 
tor in this crisis. However, this may 
be blaming the molehill instead of 
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looking for the mountain. 

The interconnected electricity grid 
across all Australian states except 
Western Australia and the Northern 
Territory is managed from control cen- 
tres in Brisbane and Sydney by AEMO. 
Generators throughout the network are 
told when to go on or off line by one 
of these centres after a so-called free 
market bidding process. 

AEMO certainly would have known 
that the Heywood connector link 
was down for an upgrade at the time 
and that there were unfavourable 
wind forecasts from the Bureau of 
Meteorology. 

Therefore, why did they leave idle 
over 1600 megawatts of baseline gas 
fired generation capacity which was 
available in Adelaide at the time? 
We can only speculate that coal-fired 
power generated in the Latrobe Valley 
was more profitable for the generator 
owners than gas-fired power from Ad- 
elaide, and that the high wind forecast 
was possibly ignored. 

In other words, the way AEMO cur- 
rently functions is the main reason 
why the electricity spot price went 
unrealistically high. Perhaps the en- 
quiries currently in progress will bring 
about change. 

Stan Woithe, 

Fulham Gardens, SA. 


Radio, TV & Hobbies DVD enjoyed 

A couple of years ago I received as 
a Christmas gift a copy of the Radio, 
television and Hobbies: The complete 
archive on DVD. My thanks to the folks 
who put so much effort into scanning 
this history of technology. I quickly 
located the first valve and transistor 
radios that I built back in the 1950s 
and 60s and re-lived the excitement of 
first listening in to shortwave broad- 
casts from around the world. 

It is hard to believe today that 60 
years ago, people rejoiced at the pos- 
sibility of owning a portable radio the 
size of a shoe box, the weight ofa brick, 
with an output power of less than 
100mW and all this while consuming 
expensive batteries at an alarming rate. 

Early issues featured articles on 
building items as basic (and challeng- 
ing) as electric gramophone motors 
etc, as well as wood-working plans to 
make toys and cases for radios. 

In March 1947, we were told that 
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“Astronomers are definite that there 
is some form of seasonal vegetation 
on Mars”. Another immediate post- 
war issue featured an article suggest- 
ing that future passenger aeroplanes 
might have each passenger in a sepa- 
rate capsule fitted with a parachute to 
lessen the risk of air travel! 

Even more interesting was reading 
the opinions about the future of what 
we have come to call “electronics”. 
For example, in March 1951, an ex- 
pert “doubted if even the BBC with all 
its resources could manage even one 
high grade television program with- 
out outside help.” (Some would say 
he was right!) 

In March 1954, a report told us that 
TV had been successfully recorded on 
magnetic tape at 30 feet per second! 

In February 1955, it was predicted 
that flat-screen TV with no picture 
tubes would be available within five 
years! We got there eventually but not 
until around 50 years later! 

In April 1957, the radio trade was 
trying to sell the 17-inch screen as the 
ideal size for Australia. 

In April 1963, the respected editor 
Neville Williams conveyed the views 
of most people of the day when he 
ridiculed the prediction that as greater 
bandwidth became available, eventu- 
ally even children would have their 
own mobile phones to chat with their 
friends. As Mr. Williams said, “Let’s 
be realistic!” 

It all makes me wonder how far off 
the mark present-day predictors of 
the future might be! As for the war- 
time propaganda, well, it certainly is 
interesting to read. Thank you for an 
enjoyable nostalgia trip. 

Graham Lill, 

Lindisfarne, Tas. 


Nuclear submarines to be preferred 

I spent 15 years in the Navy as a hel- 
icopter pilot specialising in anti-sub- 
marine warfare, so it was of great inter- 
est to read the article on nuclear sub- 
marines in the December 2016 issue. 

Back in the 1970s nuclear subma- 
rines were noisy (especially if they 
put on speed) but our ‘Oberon” class 
boats were the devil to find. I have nev- 
er worked against a Collins or a mod- 
ern nuclear sub but I imagine nearly 
40 years of improvement makes them 
a formidable system, so I hope the 
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SMS Controller and Datalogger 
3G SMS Alarm Controller 
and Datalogger designed 
for remote monitoring. 

It features 11 analog 14 
digital I/O and a Modbus 
interface to expand I/O 
further. It has 4MB internal 
memory for datalogging. 
SKU: LEC-070 

Price: $589.00 ea + GST 


Ultrasonic Level Sensor 
Remote water level sensor with a 
max range of 4.3 meters. Fitted 
with lighting protection’ and using 
21% less energy it is suited for 
solar and battery applications. 
SKU: SNS-055 

Price: $859.00 ea + GST 


LIDAR-Lite v3 
A compact, high- 
performance optical distance 
measurement sensor from 

Garmin. The LIDAR-Lite 

v3 is the ideal solution for 

drone, robot or unmanned 

vehicle applications. 

SKU: SFC-049 

Price: $209.90 ea + GST 


Teensy 3.6 
A breadboard-friendly 
development board with 
loads of features and 
processing power. The 
board can be programmed 
using the Arduino IDE and 
features a 32-bit, 180 MHz, ARM Cortex-M4 
with FPU. 

SKU: SFC-054 

Price: $39.95 ea + GST 


2 wire Signal Isolator 
An isolated 2 wire 

isolator 4-20mA In, 4 to 
20 mA Out. It features 
total galvanic isolation 
between input/output, 

high accuracy, low drifting 
by temperature, and wide 
temperature bearable 
range. 

SKU: WES-140 

Price: $95.00 ea + GST 


Microswitch Long Lever Type 
Hanyoung Nux Model ZNC- 
L507C Microswitch Long Lever 
Type. Contact current max is 
10A 250VAC. 

SKU: HNR-414 

Price: $14.95 ea + GST 


TM 619-12 Weekly Timer 12 VDC 
12 VDC powered weekly FEE 
timer with 8 programs and 
16 A SPDT relay. 

SKU: NOR-101 

Price: $49.95 ea + GST 
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Navy’s new ‘Romeo’ class ASW heli- 
copters will be up to the task. 

I agree with the assessment in the 
Publisher’s Letter in the December 
2016 issue and think the Navy should 
take the “steam-kettle” option, orman/ 
jointly-man an American boat with the 
future looking to operate one or more 
ourselves. 

John Vance, 

Bibra Lake, WA. 


How to dim overly bright LED displays 

I thought I would write in and pass 
on this useful tip. Recently, I needed 
to dim a panel-mounting digital ther- 
mometer LED display that I use to 
monitor the temperature within my 
audio rack and it was not possible to 
do this electronically. 

I used my inkjet printer to print a 
very dark grey rectangular shape (40 
x 20mm) with 5% transparency using 
Word (shapes) on an overhead trans- 
parency sheet. I cut this out and in- 
serted it between the LED display and 
the existing front diffuser. The result 
was perfect, with the colour (blue) 
unaffected but brightness dramatical- 
ly reduced. Obviously, the brightness 
can be adjusted by changing the Fill 
transparency in Word. 

Malcolm Fowler, 

Mt Eliza, Vic. 


Typical caravan refrigerator 
wiring is inadequate 

In November 2016 issue I read with 
interest on page 44 about a problem 
with a refrigerator in a caravan. A 
number of years ago my wife and I 
purchased a caravan. The refrigerator 
didn’t appear to work on 12V supplied 
from the vehicle whilst travelling. I 
checked the voltage at the drawbar and 
it was 12V which is satisfactory, just, 
but when I checked at the refrigerator 
it was only 8V. 

I found no problem with the wiring 
except that it was too light. The cable 
was rated to carry the necessary cur- 
rent to the refrigerator but the wiring 
of that caravan and most others simply 
has too much voltage drop. 

I replaced the light-duty 12V cables 
with heavy cables rated at over 50A (in 
fact, I used two 50A cables in paral- 
lel) and installed 50A Anderson pow- 
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Mailbag: continued 


er connectors at the drawbar and the 
vehicle. The vehicle also had heavier 
cable installed from the battery to the 
drawbar. The metal chassis was used 
as the negative “lead” from the draw- 
bar to the refrigerator. 

Some say this is unreliable in both 
caravans and vehicles, however, when 
done properly it is very satisfactory, 
with minimal voltage drop. The refrig- 
erator then worked. A few years later 
we purchased another caravan and as 
with the first one, the wiring was too 
light so it was immediately upgraded; 
all was well. 

Later on we changed the tow vehicle 
and then we found out after travelling 


for about an hour on our first trip that - 


the caravan battery, refrigerator and 
rear view camera were receiving only 
about 11.5V. So the refrigerator was 
draining the battery and not working 
properly; not what I wanted. 

I then thought that the alternator 
had developed a fault as its output 
was only 12.6V. Checking with the 
dealership it was established that the 
vehicle had a smart alternator, which 
most new vehicles have. These alter- 
nators drop their output voltage after 
a period of time when the battery is 
deemed to be charged. 

As a result of this I had to fit a DC/ 
DC converter to make sure that the 
battery and refrigerator in the caravan 
received something like 13.8V. These 
inverters will work with voltages be- 
tween around 8 and 16V and give a reg- 
ulated output voltage of around 13.8V. 

The combined charge current to 
the battery plus the refrigerator drain 
of around 14A totalled around 25A 
from the converter. However, the cur- 
rent drain from the vehicle is greater 
than this as there is a step-up in volt- 
age required plus the efficiency of the 
converter needs to be considered. The 
drain from the vehicle is now around 
35A. If light cables were still used in 
the caravan, this current would be 
even higher. 

Caravan refrigerators when run on 
12V have no thermostat in operation, 
but they do on AC and gas. I suggest 
the reason for this is that the refrigera- 
tors rarely receive 12V and therefore 
rarely work properly anyway. 

I did an experiment and applied 


voltages from 14V down to 11V to the 
refrigerator. At 14V it worked very well 
but below 12V, it did not function at 
all. So light-duty cables and 3-way re- 
frigerators are not a good mix. 

On a separate topic, I have had the 
same concerns as expressed about 
electric fences, as on page 8 of the 
November 2016 issue, for many years. 

Rodney Champness, 

Mooroopna, Vic. 


Wind turbines should not 
be discredited 

Your Publisher’s Letters in both the 
November and December 2016 issues 
SILICON CHIP put the blame on the SA 
blackout on 284 September 2016 on 
renewable energy, specifically wind 
turbines.: Furthermore, headlines in 
most Australian newspapers at the 
time, and some of your Mailbag cor- 
respondents have also laid the blame 
on these devices. 

This tends to discredit wind tur- 
bines as a valuable source of renew- 
able energy, particularly to the gener- 
al public who don’t quite grasp their 
inherent advantages, and to the NIM- 
BY’s and infra-sound objectors in the 
community. 

Wind turbines, per se, are not at the 
root of the problems which led to the 
SA blackout, but rather it is their rap- 
id introduction into our national elec- 
tricity grid without due consideration 
of overall system stability, quantified 
by such parameters as RoCoF (rate of 
change of frequency) of the grid’s al- 
ternating current. 

The AEMO Incident Reports of the 
5th and 19th October 2016 reveal that 
six voltage disturbances, triggered by 
the storm and collapse of transmis- 
sion towers led to 445MW of wind 
power being disconnected (not as 
you reported, because the turbine 
blades were feathered to stop self- 
destruction). 

Furthermore, the Farrier Brier 
paper — ref Paul Miskelly’s letter, SILI- 
CON CHIP December 2016 — reveals that 
the ability of wind turbines to ride 
through system voltage disturbances 
is a complex issue, but which can be 
addressed by software adjustments 
and other mechanical improvements 
so that some of the turbines’ mechani- 
cal inertia can be harnessed to provide 
synchronous inertia. Such work is 
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Technical changes do cause loss of jobs 

In the Publisher’s Letter for the November 2016 is- 
sue, you say that changing to renewables for the pro- 
duction of electricity has required expensive backup 
generation and higher costs to consumers. The general 
tone suggests that the move to renewables has been 
disastrous, expensive and has caused loss of jobs. 

65 years ago, my teacher told us we had 600 years 
worth of coal. This is now 200 years worth and fall- 
ing. Oil will run out before the end of the century. 
Uranium sources are rapidly depleting. We are still 
fiddling with Thorium. Nuclear fusion is still 30 years 
down the track, as it has been for the last 60 years. 

Changes have frequently caused loss of jobs; weav- 
ers, sailors, navvies, typists, warehousemen, lawyers, 
teachers, to name a few. New jobs have appeared. 

You have stated a problem. What is the solution? 
Reverting to fossil fuels, moving to nuclear, decentral- 
ising generation, using a mix, or what? 

Peter Hadgraft, 

Brisbane, Qld. 

Comment: Whatever was known about Australia’s 
mineral reserves 65 years ago was completely wrong. 
After all, there was then an embargo on iron ore ex- 
ports because we thought we had limited supplies but 
then the Pilbara was discovered. We have truly vast 
reserves of uranium and we are using it at a very slow 
rate. And after all the false warnings about “peak oil”, 
there are now known to be huge reserves of oil and 
gas around the world. 

The trend to renewables is extremely expensive, 
although solar panels are becoming a lot cheaper. 
Many thousands of jobs have been lost in Australia 
because of the rising cost of energy and this trend will 
continue unless there is a major change of heart by 
State and Federal governments. 


Promoting parasitic power producers 

Wind and solar are parasitic power producers, un- 
able to survive in a modern electricity grid without 
the back-up of stand-alone electricity generators such 
as hydro, coal or gas-fired or nuclear. And like all 
parasites, they weaken their hosts, causing increased 
operating and transmission costs and reduced profits 
for all participants in the grid. 

Without subsidies, few large wind/solar plants 
would ever be built and without mandated targets, 
few would get connected to the grid. 

Green zealots posing as energy engineers should 
be free to play with their green energy toys at their 
own expense, on their own properties but the rest of 
us should not be saddled with their costs and unre- 
liability. | 

We should stop promoting parasitic power pro- 
ducers. As a first step, all green energy subsidies and 
targets should be abolished. 

Viv Forbes, 

Rosevale, Qld. 
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Mailbag: continued 


High current mains wire termination 

Dave Thompson’s comments re- 
garding his pole fuse problems in 
November’s “Serviceman’s Log” 
brings back all sorts of memories 
from my youth on the Eastern side 
of the ditch. 

In those near prehistoric days, 
the Supply Authority was a County 
Council, which was a semi-govern- 
ment Authority responsible for sup- 
plying power and associated servic- 
es in a given geographical region. 

Granted, some “feather-bedding” 
happened in these organisations but 
all profits were ploughed back into 
capital works projects. Local street 
power transformers were upgrad- 
ed, feed cabling was replaced with 
cabling of higher current carrying 
capacity, new switch/transformer 
yards were built and so on. 

This benefited the consumer, 
kept power pricing low and actu- 
ally worked! 


already underway in Quebec, Canada. 

After the event, many detractors of 
wind turbines are scurrying about to 
discredit them, and AEMO and the SA 
government are trying to paper over 
poor decisions of their own making. 

However, it does appear that the root 
cause of the blackout relates to insuf- 
ficient synchronous inertia — which 
is normally provided via the rotating 
mass of synchronous generators — be- 
ing available to allow the SA system 
to ride through the unprecedented 
disturbances. 

The currently installed wind tur- 
bines have little or no synchronous 
inertia, and about 1GW of conven- 
tional synchronous generation capac- 
ity had been taken off-line for reasons 
unrelated to the storm, and before it 
struck. 

Nobody seems to have picked up 
on the fact that system stability can 
be improved though planning and ap- 
plication of available technology. For 
example, additional suggestions made 
by Farrier and Brier include: 

1) Installation of new synchronous 
condensers (synchronous generators 
with their excitation current con- 
trolled so that the generators appear to 
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The fault that Dave described and 
the final outcome was/is caused 
by placing stranded cabling in a 
terminal tunnel with a somewhat 
larger diameter than the cable 
diameter, without taking suitable 
precautions. 

As the grub screw-securing the 
cable is tightened the cable will 
spread at right angles to the force 
applied by the screw. This results 
in some strands not bonding com- 
pletely with the terminal. 

The effective cross sectional area 
of the cable is reduced, likewise 
the current carrying capacity of the 
bonded part of the cable. The strands 
that are not completely bonded as 
they pass current generate heat and 
it is only a matter of time until the 
connection fails, often with quite 
spectacular results. 

This problem can be prevented by 
two similar methods prior to insert- 
ing the stranded cable and tighten- 


the grid as a condenser/capacitor, and 
a source of synchronous inertia). Such 
devices need very little fuel to spin 
them at synchronous speed, and re- 
tired generators in aging fossil fuelled 
power stations could be converted at 
reasonable cost. 

2) Installation of high-speed load 
shedding equipment as a capitally 
cheap but operationally expensive op- 
tion to simulate the addition of syn- 
chronous inertia. 

3) Incorporation of distributed bat- 
tery storage, of the type being installed 
by consumers to absorb surplus solar 
energy, to inject energy into the grid 
under emergency conditions, again 
simulating increased synchronous 
inertia. 

The Federal Government'’s negative 
attitude towards renewable energy 
and nuclear power are well known 
but failing to plan is planning to fail. 
These alternative technologies must 
be discussed in a sensible, non-emo- 
tional, pragmatic way, and incorpo- 
rated gradually to minimise the im- 
pact of change. 

We all want to reduce our CO, 
emissions, and the way forward is to 
acknowledge that, whilst compro- 


ing the terminal screw, either by fit- 
ting a crimped ferrule to the cable to 
prevent the cable from spreading, or 
wrapping 20A fuse wire around the 
stranded cable for the full length of 
the stripped section. 

This was known as “binding wire” 
and was the technique used by the 
County Council Officers when they 
installed the mains supply protec- 
tive fuses and consumer metering 
on clients’ premises. 

In recent years, I found myself 
working as an electrician again in 
a food production plant. The poli- 
cy at this organisation was that all 
terminated cabling, no matter how 
small the current, had to have a fer- 
rule fitted. 

Any electrician caught not com- 
plying with this policy would spend 
a rather interesting half hour in the 
engineering manager’s office, with 
the electrical supervisor in attend- 
ance and with the door shut! 

Lyndon Dyer, 

Dean Park, NSW. 


mises must be made, we cannot just 
ignore the hazards of fossil fuelled 
generation. 

Nor the opportunities of thorium 
and other nuclear fuel cycles, solar 
and wind, to produce a balanced mix 
of systems which will serve our nation 
and the world well into the future. 

One could even reflect on the iro- 
ny that the ferocity of the storm that 
precipitated the SA blackout was 
brought about by anthropogenic cli- 
mate change! 

Rob Fincher, 

McCrae, Vic. 

Comment: no climate scientist has 
stated that the South Australian black- 
out was “brought about by anthropo- 
genic climate change”. That weath- 
er event may have been severe but 
overall, severe weather events have 
reduced in intensity over the last 30 
years. 

Moreover, not all people are con- 
vinced that our COz emissions should 
be reduced or even that it is leading 
to any significant degree of global 
warming. And even if that were the 
case, there are significant benefits of a 
slightly warmed climate in most tem- 
perate countries. sc 
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One of the problems associated with renewable energy sources is that _ 


they are intermittent - they stop producing power when the Sun goe 


or releasing large amounts of electrical energy to or 
from a nation’s electricity grid. 

Typically, it uses surplus electricity to pump water to a 
higher elevation and then later releases it through a hydro- 
electric generator back when it is needed. The gravitational 
potential energy of the water is the stored energy. 

Pumped storage was used as early as the 1890s in Aus- 
tria, Italy and Switzerland for better management of water 
resources but not initially for storage of electrical energy. In 
the 1930s reversible hydroelectric turbines became avail- 
able and the first pumped hydroelectric storage scheme 
was built near New Milford, Connecticut, USA in 1930, 
although in that case separate pumps were used rather 
than reversible turbines. 

Compared to other large scale electrical energy storage 
schemes, pumped hydroelectric storage is relatively cheap, 
requires little maintenance and with the right geography, 
can be implemented on a massive scale. It has the disad- 
vantage of relatively low energy density, so a huge volume 
of water raised to a suitably high elevation needs to be uti- 
lised. The low energy density is the consequence of gravity 
being the weakest of all the natural fundamental forces. 

Grid-scale energy storage has traditionally been used for 
“load balancing”. This enables a power station to run at 
peak efficiency even though it means that at certain times 
it will be generating too much power. Rather than reducing 
the output of the power station, which could result in a 
loss of efficiency, its excess energy is stored. So the output 


Pes: hydroelectric storage is a method of storing 
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down or the wind stops blowing. Proponents of renewables see pu 
o „hydroelectric storage and batteries as being th 
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by Dr David Maddison 


Tumut 3 image by Colin Henein 


Be W a AL 
The world’s first pumped hydroelectric storage power plant 
in Connecticut, USA, reproduced from Popular Science 
magazine, July 1930. Note how the pipeline consists of 
wooden staves in part, a common technology of the time 
and which was also used in parts of Victoria’s Rubicon 
Hydroelectric Scheme (see SILICON CHIP, February 2013). 
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A typical use of pumped hydroelectric storage. During the 
daytime, water flows downhill through turbines, producing 
electricity. At night, water is pumped back up to the 

reservoir using excess electricity, ready for tomorrow’s use. 


of the power station remains relatively constant against a 
varying electrical demand. 

It also means that electrical demands that exceed the 
total power of the generators can be met, for as long as 
there is stored water to discharge. This enables a smaller 
power station to be built than would otherwise be needed 
to satisfy peak demand. 

A typical application would be to store surplus energy at 
night (when demand is lowest) and release it when demand 
is highest during the day. 

Today, it is government policy to have a high and increas- 
ing amount of intermittent energy sources such as solar 
and wind generators to supply the grid. This causes very 
difficult grid management problems and instability issues. 
Pumped storage is one way to smooth over the constantly 
varying outputs of these intermittent energy sources in 
order to stabilise it. 

Even better, wind and/or solar generators could be used 
to directly supply power to pump water into a reservoir 
and thereby have no direct electrical connection to the 
grid. This approach will be used in some places such as the 
Espejo de Tarapacá project in Chile which will use solar 
power to run its pumps. 

Note that pumped hydroelectric storage is suitable to 
stabilise only relatively small amounts of intermittent 
energy and would not be suitable for backing up an entire 
grid which had substantial inputs in the form of intermit- 
tent energy. Huge amounts of storage would be required 
to do this. 

In most countries, the lack of suitable sites, the large cost 


Worldwide installed storage capacity for electrical energy 


@ Compressed Air Energy Storage 
440 MW 


Pumped Hydro 
@ Sodium-Sulfur Battery 
316 MW 


@ Lead-Acid Battery 
~35 MW 


127,000 MW... e Nickel-Cadmium Battery 


27 MW 
e Flywheels 
<25 MW 
o Lithium-lon Battery 
~20 MW 


+ Redox-Flow Battery 


Source: Fraunhofer Institute, EPRI <3 MW 


Approximate proportion of grid-scale energy storage around 
the world. These are the latest available figures (2011) but 
current estimates suggest over 140,000MW of pumped hydro 
storage. These figures only specify the deliverable power, 
not the total time that power could be delivered. Note also 
that over 99% of grid scale storage is pumped hydro. 
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Visitors Center, AN AR 


Pumped-Storage Plant 


Discharge 


A typical pumped storage hydro plant. This one happens 
to be the Raccoon Mountain Pumped-Storage Plant in 
Tennessee, USA but its features are typical. This one has 
a natural lake as its lower reservoir, an artificial upper 
reservoir and it can produce over 1.6GW of power for 22 
hours. The upper reservoir takes 28 hours to fill. 


and the environmental damage of such facilities would 
make them impractical. 

Unfortunately traditional forms of pumped storage 
generators and pump units are not especially well suited 
to smooth the rapidly varying outputs of solar and wind 
generators. However, new variable speed pump-generator 
units are available that are more suited to this application. 


Alternatives to pumped storage 

The worldwide installed capacity for grid-scale storage is 
overwhelmingly pumped hydroelectric storage, being over 
99% of installed capacity. However, there are a number 
of other options for grid scale electrical storage and these 
include battery banks, large flywheels, or compressed/ 
liquefied air. 

Rechargeable batteries can be used to store energy but 
they are expensive and tend to degrade over time. 

Flywheels can store energy by being spun up by a motor 
generator set and then when energy is needed, the genera- 
tor is used to produced electricity. But flywheels tend to 
be uneconomic in the sizes required for large scale energy 
storage. 

The King Island Hybrid Power Station in Tasmania is 
an interesting example of a power station that uses several 
power generation and storage technologies. It comprises a 
2.45MW wind farm (nameplate, with a capacity factor of 
around 29% so the effective output is 710kW), a 100kW 
solar array and a 6MW diesel generator plant working with 
a backup battery and a flywheel. 

It originally used a vanadium redox flow battery which 
had a storage capacity of 800kWh and an output power of 
200kW. However, the system was not robust and was re- 
placed with a lead-acid battery with a capacity of 1.6MWh 
and a power delivery of 3MW. 

Another part of the system is a flywheel. This does not 
store a large amount of energy but is used as part ofa “diesel 
rotary uninterruptible power supply (DRUPS)” whereby a 
flywheel is kept spinning as an energy reserve and when 
supply falls it drives a generator to supply power. If after 
some period of seconds supply does not increase, a diesel 
generator is started to make up the demand. 

The whole King Island system requires a $7 million 
dollar per year subsidy from the Tasmanian Government 
($2,500 per person). You can see a real time schematic of 
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the system in operation, including power flows at www. 
kingislandrenewableenergy.com.au/ 

Compressed air energy storage typically utilises an old 
mine or geological structure such as an excavated salt cav- 
ern or depleted gas well to store compressed air at times 
of excess or cheap energy and then it is released through 
a turbine to generate electricity at times of peak demand. 

One company is developing bags of compressed air that 
are stored underwater. See http://hydrostor.ca/home/ 

Compressed air storage can also be used in conjunc- 
tion with a natural gas turbine to improve its efficiency. 
A variation of compressed air storage is to liquefy the air 
and allow it to expand back to its gaseous state to generate 
electricity via a turbine. 


Hydroelectric turbines 

Only certain types of hydroelectric turbines are suitable 
for pumped storage if a single unit is required rather than 
utilising separate pumps to send the water back up to its 
reservoir. 

The type of turbine used in any particular application is 
determined by the water head and flow rate available. The 
three most common types are the Pelton wheel which is 
best for a large water head and low flow rate (for more on 
the Pelton wheel see SILICON CHIP “The Historic Rubicon 
Hydroelectric Scheme” February 2013, page 18); the Kaplan 
turbine which is best for low water head and high flow 
rate; and the widely-used Francis turbine which is good 
for a great variety of conditions, mainly medium head and 
medium flow rate applications. 

Unlike the Pelton wheel and the Kaplan turbine, the 
Francis turbine can also be used as a pump, making it ideal 
for use in pumped storage schemes. About sixty percent 
of the installed hydroelectric capacity in the world uses 
the Francis turbine. 

The Francis turbine can spin up quickly so changing 
power requirements can be quickly accommodated and 
it is available in a wide range of power capacities from a 
few kilowatts to 800 megawatts. The turbine consists of 
three main parts: the spiral casing, the guide vanes and 
the runner blades (or runner). In turbine mode, the spiral 
case distributes water around the periphery of the turbine 
inlet, after which it passes over the adjustable guide vanes, 
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Main Shaft 


Water Inlet 


Spiral case 
Head Cover 


Guide Vane 


Stay Ring Guide Vane 


Draft Tube 


"Runner ’ 
Francis turbine, which can also function as a pump to 
reverse water flow. (Image courtesy Eternoo Machinery Co.) 


which direct the flow onto the runner blades at the required 
angle for the present flow rate. The runner blades cause 
the tangential flow of water to be converted into rotational 
motion of the main shaft which turns an alternator. 


Variable speed hydroelectric generators 

Motor-generator equipment connected to a Francis 
turbine as used in hydroelectric storage schemes has tra- 
ditionally only been able to be operated at a single speed 
and power rating. For example, ifa plant had three 100MW 
generator units to be used for pumping water and there was 
270MW of surplus energy to be utilised for pumping, only 
the first two units could be used to absorb 200MW of this 
surplus energy. The third 100MW unit could not be used 
as it would require 100MW to operate and only 70MW 
would be available so the 7OMW would have go to waste. 

By contrast, a set of three variable-speed motor-generator 
units could adjust their speed to utilise all available energy 
for pumping and could each operate at 9OMW. 

In addition, when operating in generator mode a variable 
speed unit can be adjusted for optimal efficiency of opera- 
tion when only a partial load is being drawn. 

Ina single speed motor-generator set the stator’s magnetic 
field and the rotor’s magnetic field are said to be coupled 
as they both rotate at the same speed. In a variable speed 


mt 


GE’s variable-speed 
generator can run as either a 
generator or a pump. | 
www.gerenewableenergy,com/*‘ 
hydro-power/large-hydropower- 
solutions/generators/variable- 
speed. html 
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Aerial view of Tumut 3 Power Station. The red area 
contains the penstock (pipes) and power house. The orange 
area is the Talbingo Dam Reservoir, the upper storage of the 
scheme. You can explore this in more detail with the ability 
to zoom in and out at http://globalenergyobservatory.org/ 
form.php?pid=45928 


unit these two magnetic fields are decoupled and either 
the stator or rotor magnetic field are fed via a frequency 
converter. A “double-fed induction motor-generator” (also 
known as a double-fed induction machine, DFIM) is the 
current standard design for variable speed motor-generators. 

It may be feasible and economical in some circumstances 
to convert an older fixed-speed storage plant to a variable 
speed one. See. www.hydroworld.com/articles/print/vol- 
ume-21/issue-5/articles/pumped-storage/converting-to- 
variable-speed-at-a-pumped-storage-plant.html 

Video: “How does GE’s Hydro Variable Speed Pumped 
Storage technology work?” https://youtu.be/CdlvjkfpX_o, 
“GE Hydro Pumped Storage” https://youtu.be/2qZxfnMDrco 


Australian pumped storage projects 

Australia has three working pumped hydroelectric pro- 
jects in operation and one in the planning stage. Tumut 3 
in the Snowy Mountains has the greatest power generating 
capacity with up to 1800MW output, followed by Wivenhoe 
in Queensland with 500MW and the Shoalhaven scheme 
in NSW with 250MW maximum output. 

The Tumut 3 power station of the Snowy Mountains 
Hydro-electric Scheme was Australia’s first pumped hy- 
droelectric storage scheme, completed in 1973. In 2003 six 


Pumped storage calculations: 


In calculating the power that can be 
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Cross-section of turbine and pump arrangement at Tumut 

3 power station. There are six generators which originally 
had a capacity of 250MW each but these were all upgraded 
to 300MW in 2009-11. Three of the generators have 
underslung pumps to pump water uphill for storage. 


micro-hydro generators, each of which has a power output 
of 140kW, were added to the outlets of the six generator 
cooling systems, which recovered otherwise wasted energy. 

Then in 2009-11 Tumut was upgraded with new turbine 
runners and other improvements to each of its six genera- 
tors, increasing its overall power output from 1500MW 
to its present capacity of 1800MW (1.8GW), under ideal 
conditions. 

Even though the Francis turbines used at Tumut 3 could 
theoretically be used for pumping (as at other pumped stor- 
age facilities), in this case there are separate under-slung 
pump units for pumping water. 

Tumut 3 pumps water between its lower reservoir at Jou- 
nama Pondage and Talbingo Reservoir as its upper storage. 
The water head is approximately 155 metres. 

Snowy Hydro has not published the electrical storage 
capacity of Tumut 3 or the way it is used in typical operation 
but we estimate it as follows: there is approximately 160 
gigalitres of active water storage. The six turbines (before 
the upgrade) had a total discharge capacity of 1,133,000 
litres per second. This implies that it would take around 
39 hours to discharge all active water storage at maximum 
power. Hence, there is about 70.2GWh of electrical storage. 

In energy storage mode, the three pumps each have a 


rate of 1,133,000 litres per second (prior 


generated by any hydroelectric project the 
two main numerical considerations are the 
water flow that can be directed into the 
turbine/alternator and the head of the water. 
These items scale linearly so doubling 
of either the flow or head will result in dou- 
bling of the power that can be produced. 
The power produced is given by the 
equation: 
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power (watts) = head (metres) xX flow 
(litres per second) x gravity (9.8 metres per 
second squared) x efficiency factor 


Let’s do a real-world calculation for the 
Tumut 3 power station discussed above. 
We will consider the power produced from 
discharging the water and disregard losses 
from initially pumping it into the upper reser- 
voir. It has a head height of 155m and a flow 


to the upgrade). 

Without considering the efficiency factor, 
this yields 1721MW of power generation. 
Note that before the upgrade it had a quoted 
power output of 1500MW so this implies 
an efficiency of 87%. 

When doing calculations for pumped 
schemes consider that there is an efficiency 
loss in both directions. 
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z 
Water flows back to 
Wivenhoe Dam. 


aS 
- Water is pumped from Wivenhoe Dam. 


capacity of 99,000 litres per second (297,000 litres per 
second total) so the Talbingo Reservoir would take 448 
hours to refill, assuming the lower reservoir could store 
all the water that was discharged. Of course, the storage is 
unlikely to be fully discharged in normal operation. 
Wivenhoe Power Station, located near Brisbane, is a 
500MW pumped hydroelectric scheme which utilises a 
lower reservoir created by the Wivenhoe Dam and an upper 
reservoir created by the Splityard Creek Dam. The lower 
reservoir is approximately 100m below the upper one and 
_ is connected by two pipelines 420m long and between 6.8m 
and 8.5m in diameter. 
The power station has two 250MW pump-generator 
machines, said to be Australia’s largest hydroelectric ma- 
chines, each having a rotating mass of 1450 tonnes. There 
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Reservoir 
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Reservoir 
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8. 


Electricity sent to > 


Creek Dam until required 
for electricity generation. 


—_ 


2. 

Water flows uphill through tunnels 
to Splityard Creek Dam during 

pumping mode. 


Wivenhoe Power | 
Queensland. An 
http://glob 


is 5|000MWh of capacity so, for example, 500MW could be 
produced for 10 hours. The station is connected to the grid 
via 275kV transmission lines. 

Like all hydroelectric schemes Wivenhoe has an excep- 
tionally long expected service life — 100 years — and has 
been in service since 1984. A generator was added to the 
outlet of the Wivenhoe Dam in 2003 to provide 4.5MW 
and this is known as the Wivenhoe Small Hydro. It is not 
directly associated with the pumped storage scheme. 

(You may recall that the Wivenhoe Dam was associated 
with the Brisbane floods of 2011 and subsequent enquiry). 

The Shoalhaven Scheme is located on the South Coast 
hinterland of NSW and is used for water supply and up to 
240MW of hydroelectric storage power. It has two combined 
power stations and pumping stations. The lowest one is 


The diagram at left shows the Shoalhaven Scheme, which 
is a combined pumped hydroelectric system and a water 
transfer system to supply drinking water to Sydney, about 
150km away. The Kangaroo Valley Pumping and Power 
Station (above) is the middle of three such stations. 
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UPPER RESERVOIR 
(TURKEY'S NEST) 


BALANCE STORAGE 
(WISES PIT} 


the Bendeela Power Station and has two 40MW combined 
pump-turbines to provide 80MW. In pump mode it can pump 
water to the Bendeela Pondage located 127 metres above. 

The Bendeela pondage is located below the Kangaroo 
Valley Power Station (1977) and has two 80MW power 
stations for a total capacity of 160MW. When operating in 
pumping mode it can pump water 480 metres up to the 
Fitzroy Falls Reservoir. 

The Burawang pumping station is not used for pumped 
storage but to pump water into the Wingecarribee Reser- 
voir from where it can be released into the Warragamba or 
Nepean Dams. The scheme can produce 240MW of power. 

The proposed Kidston Hydro Project (about 1300km 
northwest of Brisbane, Qld) will utilise two mining pits 
which were formerly part of the now-closed Kidston Gold 
Mine. In addition, a “turkey’s nest” reservoir will be con- 
structed to provide two storage reservoirs (an upper and 
lower) and a “balance reservoir” to effect a pumped storage 
scheme using mostly existing artificial structures. 

(A “turkey’s nest” reservoir or dam is one constructed 
above ground by a continuous wall built around the entire 
circumference of the contained water area. The amount of 
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The proposed 
Kidston Hydro 
Project will use two 
existing unused 
mining pits plus 

a “turkey’s nest” 
reservoir. 


earthworks required for a turkey’s nest type of reservoir 
is typically considerably greater than damming a natural 
structure such as a valley.) 

There would be a vertical shaft from the upper reservoir 
and an underground generator station, with the outflow 
connected to the lower reservoir. 

According to a feasibility study by Genex Power, the 
proposer of this scheme, it would be able to continuously 
produce 250MW of electricity for six hours giving a storage 
capacity of 1500MWh. It would have two 125MW fixed 
speed turbines, a head height of between 194m and 230m 
and able to ramp up to maximum power in 30 seconds. 
However, according to a report on the Renew Economy 
website the power output will now be 450MW for five 
hours for up to 2250MWh of energy. This would involve 
building an upper reservoir that is 35-40 metres higher 
than originally planned. An associated solar PV array is 
also planned for the site. 

The scheme could be topped up with water if necessary 
with via a pipeline from the Copperfield Dam 18km away. 
There is also an existing 132kV transmission line that con- 
nects to a substation near Townsville. 


Plan of Kidston Hydro 
Project showing the 
main features of the 
upper reservoir, the 

vertical shaft from the 
upper reservoir, the 
underground power 

station and the transfer 
tunnel from the power 
station to the lower 
reservoir. 
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Tumut 3 Power Station 
Talbingo Dam 


Tantangara Dam 


Bird’s-eye view of Peter Lang’s proposal for a Tantangara- 
Blowering Pumped Hydro Scheme. 


As with all pumped hydro storage schemes water would 
be pumped to the upper reservoir at times of low demand 
and/or cheap electricity availability, and released during 
periods of high demand or high electricity prices. 

A unique feature of this project is that it is the first 
to propose using disused mines for pumped storage, to 
minimise costs. 

In addition, the facility offers a “blackstart” capability. 
This refers to the ability to start other power generators in 
the absence of grid power. This is a particular problem with 
wind turbines because they cannot start producing power 
unless there is pre-existing grid power available with which 
to synchronise their AC output. This factor contributed to 
the recent extended South Australian state-wide blackout. 

The Government’s Australian Renewable Energy Agency 
(ARENA) has committed $6.2 million to a feasibility study 
for this project and Genex Power Limited estimate the cost 
of building the facility at $282 million. They expect to com- 
mence construction this year and have it running in 2019. 

Proposed Tantangara-Blowering Pumped Hydro 
Scheme. In 2010 an independent geologist and engineer 
named Peter Lang proposed an enhancement to the Snowy 
Mountains Hydro-electric Scheme comprising a pumped 
storage system that could produce 9GW for three hours per 
day, after pumping water for six hours. Similarly, a lesser 
amount of power could be produced for a longer time, eg, 
1.5GW for 18 hours. 

Tantangara would be used as the upper reservoir and 
Blowering as the lower reservoir, with a difference in eleva- 
tion of 875 metres. Three 53km long, 12.7 metre diameter 
tunnels would be bored through to join the two reservoirs. 

More details about the proposal, discussion, cost 
and problems can be seen at https://bravenewclimate. 
com/2010/04/05/pumped-hydro-system-cost/ 


Other potential sites in Australia 

A number of likely sites have been identified for pumped 
hydroelectric storage in Australia. One is for a pumped 
seawater scheme in Portland, Vic, associated with the Port- 
land Wind Farm. Another study used graphical information 
systems to look for suitable sites in central Tasmania and 
the Araluen Valley in NSW. 
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As well, some sites have been identified as suitable for 
“turkey’s nest” dams based on elevation differences and 
horizontal distances between reservoirs but no costing or 
existing land use considerations were made. These in- 
clude some on the Eyre Peninsula in South Australia and 
at Geraldton and Albany in Western Australia. The latter 
sites would use seawater and the sea as the lower reservoir. 

A cost estimate quoted for a cliff-top “turkeys nest” site 
in WA for a system that can produce 700MW to 800MW 
for six hours is $5 billion. 

In addition, other sites have been identified in northern 
Australia as part of a proposed scheme to export renewable 
energy to nearby Asian countries. 


Pumped storage projects from around the world 

Now let’s look at some hydroelectric storage projects 
from around the world. The first utilises a turkey’s nest as 
the upper reservoir and the sea as the lower reservoir and 
water supply. It is significant because it requires only an 
appropriate elevation and no natural structures that can be 
dammed or a supply of fresh water. The other combines 
solar generation with a pumped hydro storage scheme. 
Fluctuations in solar electric production are automatically 
smoothed as the power is used only to pump water and is 
not directly fed into the grid. Finally we look at hydraulic 
rock storage. 

Okinawa Yanbaru Seawater Pumped Storage Power 
Station. This pumped hydroelectric storage power station 
in Japan was the first to utilise a turkey’s nest reservoir in 
combination with the sea as its lower storage reservoir and 
water supply. It was built as a pilot plant with a capacity 
of 30MW and was commissioned in 1999. It utilises a head 
height of 136m and has a flow rate of 26,000 litres per second 
from the reservoir which has a capacity of 564 megalitres, 
suggesting an electrical storage capacity of 180MWh. 

The system uses a variable speed turbine based upon 
a gate turn off (GTO) thyristor converter-inverter AC ex- 
citation system to provide maximum efficiency for both 
pumping and generation. 

As with many such structures the surface of the reser- 
voir in contact with water is covered with an impermeable 
membrane to prevent water leakage. 

The Espejo de Tarapaca project in Chile is a 300MW 
capacity pumped hydroelectric storage project that uses 
seawater pumped 630 metres up to a natural depression 
in the Atacama Desert. It utilised three 100MW revers- 
ible Francis turbines which pump water uphill at 45,000 
litres per second during the day and discharge it at night 
at 28,000 litres per second. The capacity of the pondage is 
52 gigalites. The cost is US$400 million and construction 
is set to commence this year. 

It will be combined with a 600MW solar PV array by 2020 
and the two plants working in combination will deliver 
solar energy 24 hours per day, stated to be without subsidies. 

Video: https://vimeo.com/152150996 


Hydraulic rock storage 


Heindl Energy GmbH (www.heind]-energy.com/) has de- 
veloped a concept they called “gravity storage” or “hydrau- 
lic rock storage”. It utilises a large cylinder of rock that has 
been carved out of the ground. The system is “charged” by 
having water pumped in beneath the cylinder which raises 
it above ground level. When energy is to be released the 
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Okinawa Yanbaru Seawater Pumped Storage Power 
Station. 


water is allowed to discharge through generators to create 
power. The water is forced up into an above ground pond. 

It has the advantage that large amounts of countryside 
don’t have to be occupied by dams and ponds. 

The economics of this concept are as follows: The stor- 
age capacity of the system depends on the mass of the rock 
and the height that it can be raised. If a rock cylinder is 
made which is the same height as its diameter the mass 
of the cylinder increases proportional to its radius cubed. 
For stability, the rock cylinder cannot be pushed out of the 
ground by more than half its height otherwise it could tilt. 

Since the height that the cylinder can be raised is the 
same as the radius and since the energy storage capacity 
is proportional to the mass times the height the cylinder is 
raised (the same as the radius) we can see that the energy 
storage capacity increases according to the radius to the 
fourth power. If the radius of the cylinder is doubled the 
storage capacity is increased by sixteen times. 

The construction of the cylinder involves cutting a circu- 
lar channel to separate the cylinder from the surrounding 
rock and then undercutting the rock cylinder to separate it 
at the bottom. The circumference of the channel and base 
to be removed will be proportional to construction costs 
and doubles as the radius is doubled and the area of the 
base of the cylinder increases by four times as the radius 
is doubled for an increase of capacity of 16 times. 


630 METERS 
ABOVE SEA-LEVEL 
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To be conservative we could take construction costs to 
scale with the more expensive of these two operations, 
excavating the base of the cylinder which scales with the 
radius squared. 

Doubling the radius of the rock cylinder increases the 
capacity by sixteen times but the construction cost by only 
about four times. 

The capacity of a system with a 200m diameter cylin- 
der would be 3GWh. This would provide less than 2kW 
continuously, for 75,000 people, for a period of 24 hours. 
It would contain 2,380,000 cubic metres of water at a 
pressure of 67 atmospheres. The efficiency of the system 
would be about the same as for pumped storage, 80% or 
so. Such a system would rise or sink 100 metres, at around 
1mm per second. 

This system has a much higher energy density than a 
traditional pumped storage system and uses about one quar- 
ter the amount of water and much less land. It is expected 
to be long lived from an investment point of view, with a 
minimum asset life of 60 years and with low maintenance 
requirements. 

Heindl Energy is currently planning a prototype and ways 
to excavate the sidewalls, the base and a sealing mechanism 
on the sidewalls have been conceptually determined. The 
pilot project has a delivery date of around 2020. 

Videos on the topic: “Hydraulic Hydro Storage for 
1600GWh of energy” https://vyoutu.be/zwVMI1 4QRk8 

This video shows an earlier implementation of the sealing 
ring system required to keep water contained. 

“TEDx Talk Hydraulic Hydro Storage” https://youtu.be/ 


m3p daUDvI8 
“Comparison of different storage technologies” https:// 


youtu.be/IZqUut5rNaY 


The Gravity Power Module 


This concept from Gravity Power (www.gravitypower. 
net/) is similar to Heindl’s hydraulic rock storage however 
in this case the piston does not rise above ground level. 
Rather than water being pumped between a ground level 
reservoir and beneath a rock piston as in Heindl’s scheme, 
in this scheme water is transferred to and from beneath the 
piston and the area above it. 

The cost of building the enormous shaft in the ground is 
claimed to be “surprisingly low”. A Francis turbine would 
be used for pumping and generation. 

A proposed design to provide 40MW for four hours 
would require a 500 metre deep main shaft of around 32.5 


RESERVOIR 


52.000.000 M3 


Artist’s impression of the Espejo de Tarapaca 
project in Chile. 
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Economics 


As is the case for all energy storage systems, pumped hydro- 
electric storage is not 100% efficient. This means that the elec- 
tricity generated from release of water is less than that required 
to pump the water into its upper reservoir in the first place. 

In some implementations of pumped storage, cheap electricity 


generated during off-peak times is released during peak times 
when the electricity price is higher. 

The higher price that the electricity can be sold for during peak 
times more than offsets the typical 20% loss of energy involved 
in pumping the water to its upper reservoir as well as taking into 
account capital costs and running costs of the storage system. 


metres in diameter, with a 250 metre tall piston of natural 
rock excavated from the lower 250 metres of the shaft. The 
adjacent power house shaft would be 10 metres in diameter. 

Similar capacity and scaling considerations to the 
Heind|’s hydraulic rock storage apply to the Gravity Power 
Module. 


Pumped storage and wind power 


While pumped storage systems do have their advantages, 
they do not solve the problems of intermittent energy 
such as solar or wind. To see why, we must consider the 
enormous amount of energy required by modern society 
and the low density of energy production of intermittent 
sources such as solar and wind. 

Take for example the replacement of a modest 1GW 
fossil fuel or nuclear plant with wind turbines. As wind 
turbines typically operate only one third of the time or less, 
you would have to have three times as many windmills as 
their nameplate capacity would suggest. 

So 3000 1MW windmills would be required to generate 
the same amount of energy as the fossil or nuclear plant 
working continuously, even before we consider how to 
store energy for later use when the wind is not blowing. 

In the Australian context the only existing storage facil- 
ity that could deliver that much power would be Tumut 3 
with a presumed capacity of 70.2GWh. This could provide 
backup for around for a 1GW system for around 70 hours or 
just under three days, to account for a condition of no wind. 


deep 
storage 
shaft 
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Heindl Energy’s gravitational storage concept showing rock 
cylinder, seal (purple), water beneath rock cylinder (blue), 
underground pump and generator chamber and above 
ground pond for water. 


Once that storage was discharged it would take many 
more days to recharge the storage as noted previously and 
one would hope the wind would return after 70 hours and 
stay for a long period. 

According to the Australian Energy Market Regulator 
there is currently an installed electrical generation capac- 
ity of 48,116MW. If 50% of that was replaced with wind 
or solar, we would need 48 Tumut 3 systems as backup, 
even to allow for just a few days without wind or sun! 

Various storage issues have been considered for wind 


power and are considered ‘at https://stopthesethings. 


com/2016/08/31/bulk-battery-storage-of-wind-power-a- 
myth/ and http://euanmearns.com/estimating-storage- 
requirements-at-high-levels-of-wind-penetration/ se 


(Left): the 
Gravity 

Power Module 
showing water 
flow and 
position for 
both generating 
and storage 
modes of 
operation 


shaft 
lining 


motor/generator 


control 


(Right): detail cabinets 


of generator 
portion of 
Gravity Power 
Module which 
is located 
beside the 
storage shaft. 
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HAR PY, 


To discover that the elusive bit 

that you want is stocked in the 
SILICON CHIP ONLINE SHOP! 

There’s a great range of semis, 
other active and passive 
components, BIG LEDs, PCBs, 
SMDs, cases, panels, programmed 
micros AND MUCH MORE that 

you may find hard to get elsewhere! 


Because you can’t find 
that difficult-to-get 
Special project 

part at your normal 
parts supplier. . . 

Or perhaps they've 
discontinued the kit you 
really want to build. . . 


If it's been published in a recent SILICON CHIP project and your normal supplier 
doesn’t stock it, chances are the SILICON CHIP ONLINE SHOP does! 
HERE ARE JUST SOME EXAMPLES (oodles more on our website!) 


Micromite Plus Explore 100 kit DS3231-based RTCC module 100dB Stereo 80 LED VU Meter 
includes PCB, programmed 100-pin SMD Real-time clock & calendar module w/ 4KB _.» Described in the June 2016 issue. 
micro, and all other non- optional onboard EEPROM, I’C interface & ee hardware y. PCB/programmed PIC .......... ...$15.00 ea 
parts except LCD (Sept-Oct 2016) ..... $69.90 >> with LIR2032 cell ` All SMD parts kerareniesrenennnt ...$20.00 
R E ER eee es esate : Laser-cut clear case pieces .......... $15.00 
Micromite Plus Explore 64 kit Low-Cost, Accurate Voltage / Pack of 10 Ultra-bright SMD LEDs 
Includes PCB, programmed 64-pin SMD micro, Resistance / Current Reference “4. Red/amber/yellow/green/blue; diffused lens 
crystal, connectors and all other onboard parts all SMD Parts (2.5V or 1.8V version), a, EPAIA FAO e A nea veren ne 75¢/10 
(AUGUST 2016) 7 ors cnec se. ccrcavdonencsee $30.00 including abe (eh See $12.50 2012/0805 Size .......eseeeseeseeseesesenes 606/10 


Micromite LCD BackPack kit Currawong stereo valve amplifier a 2.5GHz Frequency Counter 


em 
Includes PCB, 2.8-inch TFT touchscreen, ie Hard-to-get parts including 5 x 39u F 400V é? ~ ERA-2SM+ Wideband MMC and 
programmed microcontroller, laser-cut case lid capacitors, HV transistors, regulator and ADCH-80A+ Wideband Choke..........«- $15.00 
and other onboard parts (Feb 2016) ....$65.00 € MAN ADAE E E E EE $50.00 ABE 3 blue 4-digit 7-segment displays ....... $15.00 
@ _McP1700 3.3V Low-dropout Regulator Isolated High-Voltage Probe <æ Logic-level Mostets 
*  3.3V LDO regulator in a convenient TO-92 Pack of hard-to-get parts including HCNR201- ca P Pair of IPP230NO6L3 N-channel .......... $5.00 
| package, as used in many projects; up to 6V ey 050E linear optocoupler, op amps and HV a Or complementary pair of N & P-channel 
| input and 250mA output.........-. | eee $1.50 tt! capacitors & resistors... $35.00 Mosfets (as used in Burp Charger) ...... $7.50 
GPS MODULE | oe, Multi-spark Cap. Discharge Ignition F »= PCB mounting RCA sockets 
Onboard antenna, 1pps output, operation to famn, ete Pack of hard-to-get parts for the CDI a Set of red, white, yellow and black matching, 


>. 


10Hz, cable included a "e including transformer core, bobbin and clips, switched RCA sockets. White sockets are hard 
VK2828U7G5LF GPS/GLONASS .!........ $25.00 SMD ICs, Mosfets & HV capacitor .....§50.00 to find. Suits multiple projects ............ $5.00 


DS18B20 waterproof digital oe Mini 12V USB regulator æ- Bright blue LED with diffused lens 
temperature sensor A All SMD parts . X 3mm lens, 25mm long leads .....+++s++-+++-: 25c 
Steel-encapsulated digital temperature sensor Oe With low battery GHIQUEs aes vccesseesees $15.00 aN 5mm lens, 25mm long (cote Weimer tone, eda: 25c 
fitted with 1m leadair $5.00 Without low battery cutout ............++. $10.00. NS 5mm lens, 15mm long leads .....-s--se 20c 
Micromite Parking Assistant 40V/5A Hybrid Switchmode Supply Pair of BSS83 dual-gate Mosfets 
Ultrasonic distance sensor module and laser-cut All SMD parts including switchmode controller e Dual-gate SMD Mosfets; discontinued with no 
UBS jiffy box lid to suit (black or clear); interfaces | gem IC; inductor, Mosfets, Schottky diodes plus AMD ire replacement. Used in the Wideband Active 
Je, with LCD BackPack kit (March 2016) ...... $7.50 SPobbiniinductOns=-eeese-s- oes. aece. tec $50.00 Differential Probe (Sept 2014) ........ $4.00/pr 
2 Stereo Valve Preamplifier | SiDRADIO parts MCP2200-1/SO 
Hard-to-get parts: 3 x 39uF 400V capacitors, SMD E 25MHz crystal oscillator, mixer, dual gate > USB/Serial interface IC, as used in the Serial 
inductor & shunt resistor Hoi iis $20.00 Mosfet, 5V relay and mOre............0.0++ $20.00 4 P Interface project and the Deluxe GPS Timebase 
s |PAGOR520E6 600V logic-level me pete $5.00 RF Coil Former pack.........:20esccereeeeeees és (April 2013/April 2014) .......-1s..0-+--- $7.50 
5 High-Energy Electronic Ignition System Classic DAC TCRT5000 
» / Jacob's Ladder (Nov 2012 / Feb 2013) A hard-to-get ICs including CS8416 digital Reflective Optical Sensor, as used in the 
A e audio receiver, CS4398 DAC and PLL1708 clock" Automatic Points Controller for model railways 
NSS) ISL9V5036P3 360V, 46A IGBT...........$10.00 generator plus crystal & blue LEDs .......$45.00 (March 2013) ...c.scsscssesseeee $28 


P&P (within Australia) on most items is fixed at $10.00 per order. The more you buy, the cheaper they become... 


Don't Forget: SILICON CHIP Subscribers qualify for a 10% discount on all these items! 
YES! We also stock most SILICON CHIP project PCBs from 2010 and even earlier! 


Log on how: WWW, siiconcdhip. COm.au/shop 


Imagine if you were able to “see” radio waves as they traversed the 
huge distances of space. A research team is using a new array in the 
Western Australian desert to not only view radio waves but assign 


them colours. 


o most people in radio and 

I electronics, frequencies above 

50MHz are regarded as very 

high; indeed, by definition the VHF 

spectrum starts at 30MHz, with the 

Ultra High Frequency bands starting 
at 300MHz. 

To astro-physicists, 50-350MHz are 

regarded as low frequencies but are 

an increasingly important spectrum 
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with a large amount of research into 
this band being done at installations 
around the world. 

By capturing the unbelievably feint 
radio signals emitted by stars and other 
celestial bodies at the far reaches of 
our (Milky Way) galaxy and beyond, 
they’re looking for clues into how 
those bodies began — countless mil- 
lions (or billions) of years ago — long 


before our Earth had evolved. 

Here in Australia, the focus of such 
research is the Murchison Widefield 
Array or MWA, (a tiny section of which 
is shown above). This $50 million 
radio telescope is located at a remote 
site northeast of Geraldton, Western 
Australia. 

The MWA observes low-frequency 
radio waves (between 70 and 320 MHz) 
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and was the first of the three Square 
Kilometre Array (SKA) precursors 
to be completed. 

A consortium of 13 partner 
institutions from four countries 
(Australia, USA, India and New 
Zealand) has financed the develop- 
ment, construction, commissioning 
and operations of the facility. Since 
commencing operations in mid 
2013 the consortium has grown to 
include new partners from Canada 
and Japan. 

Key science for the MWA ranges 
from the search for red-shifted HI 
(neural hydrogen) signals from the 
Epoch of Reionisation to wide-field 
searches for transient and variable 
objects (including pulsars and fast 
radio bursts), wide-field galactic 
and extra-galactic surveys, plus 
solar and heliospheric science. 


Colour views 


The research is being led by Dr 
Natasha Hurley-Walker, of Curtin 
University (Perth) and the Interna- 
tional Centre for Radio Astronomy 
Research (ICRAR). What makes 
Dr Hurley-Walker and her team’s 
research of interest to much more 
than the radio astronomy commu- 
nity is their cataloging of 300,000 
galaxies in glorious living colour 
— in other words, what the human 
eye would “see” if it could indeed 
view radio waves. 

It’s given the moniker of “GLEAM” 
— GaLactic and Extra-galactic All- 
sky MWA. In other words, the Mur- 
chison radio telescope is not simply 
looking into the far-flung reaches 
of our own Milky Way galaxy, it’s 
looking far beyond, to the limit of 
currently available technology. 

Normally a radio wave would 
just be noted as that — a radio wave, 
with a certain frequency and per- 
haps some unusual characteristics. 

“The human eye sees by compar- 
ing brightness in three different pri- 
mary colours — red, green and blue,” 
Dr Hurley-Walker said. “GLEAM 
does rather better than that, view- 
ing the sky in 20 primary colours.” 

“That’s much better than we 
humans can manage and it even 
beats the very best in the animal 
kingdom, the mantis shrimp, which 
can see 12 different primary col- 
ours,” she said. 

GLEAM is a large-scale, high-res- 
olution survey of the radio sky, ob- 
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serving radio waves that have been 
travelling through space — some for 
billions of years. The more distant 
the source of the radio waves, the 
longer they have taken to get to Earth 
and be detected 

“Our team is using this survey 
to find out what happens when 
clusters of galaxies collide,” Dr 
Hurley-Walker said. 

“We're also able to see the rem- 
nants of explosions from the most 
ancient stars in our galaxy, and find 
the first and last gasps of supermas- 
sive black holes.” 

GLEAM is one of the biggest radio 
surveys of the sky ever assembled, 
with an enormous area of the sky 
being scanned. 

Large sky surveys like this are 
extremely valuable to scientists 
and they’re used across many areas 
of astrophysics, often in ways the 
original researchers could never 
have imagined. 

Completing the GLEAM survey 
with the MWA is a big step on the 
path to SKA-low, the low frequency 
part of the international Square 
Kilometre Array (SKA) radio tel- 
escope to be built in Australia in 
the coming years. 


The SKA 


The Square Kilometre Array pro- 
ject is an international effort to build 
the world’s largest radio telescope, 
led by SKA Organisation based at 
the Jodrell Bank Observatory in 
England. 

Co-located primarily in South Af- 
rica and Western Australia, the SKA 
will be a collection of hundreds of 
thousands of radio antennas with a 
combined collecting area equivalent 
to approximately one million square 
metres, or one square kilometre. 

The SKA will conduct transfor- 
mational science to improve our 
understanding of the Universe and 
the laws of fundamental physics, 
monitoring the sky in unprecedent- 
ed detail and mapping it hundreds 


of times faster than any current | 


facility. 

(SILICON CHIP featured the SKA 
project in the December 2011 issue 
and again in the July 2012 issue). 

Acknowlegement: Much of the 
information in this feature came 
courtesy of Dr Natasha Hurley- 
Walker and the GLEAM team. (See 


www.icrar.org/gleam). 
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Ever wondered what radio waves from space 
would look like if you could see them? Try 
the applet hitp://gleamoscope.icrar.org/ These 
views are of the same section of sky, through 
the Milky Way galaxy and beyond. 
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This completely new amplifier circuit incorporates most of the features 
of our Ultra-LD Mk4 200W amplifier module but uses easy-to-solder 
through-hole components. There are no tiny surface mount components. 


lished a number of very popular audio amplifier 
modules. The first of these was the SC480, described 
in the January & February 2003 issues. 

Best described as a work-horse, this amplifier was and 
still is very easy to assemble and get going, and countless 
thousands have been have been built. Indeed, you can still 
purchase kits for these modules from Altronics & Jaycar. 

The next very popular amplifier module was the 20W 
Class-A module published in 2007. We billed this as “hav- 
ing the lowest distortion of any amplifier ever published... 
anywhere in the world!” 

Very keen audiophiles have built it in large numbers but 
being Class-A, it does have the normal drawback of being 
quite inefficient and therefore it dissipates a lot of heat for 
its modest power output of 20 watts. 

Finally, the next most notable amplifier module was 
the Ultra-LD Mk4 design which not only has high 
output power but its very low harmonic distortion 
levels challenge even those achieved by the 20W 
Class-A, design. Indeed, the 110W version of the 
Ultra-LD effectively renders the modestly-powered 
20W Class-A design irrelevant. 

Why would you build that Class-A design when 
you can build a much more powerful Class-AB 
design for the same money and with virtually in- 
distinguishable performance? 

So why are we producing this new SC200 module? 

Firstly, we have felt that while the SC480 design 
has been very successful, its distortion and noise 
performance is pretty mediocre when compared to 
the latter two designs. In short, it is old-hat and well 
= overdue for a major upgrade. 
Second, while the Ultra-LD Mk.4 amplifier module 
is virtually state-of-the-art, it does have the drawback 
that it uses mainly surface-mount components and 
hile many have been built, it would have been far more 
popular if it used through-hole components — ones that are 
much easier to solder! 

So in designing the SC200 module, we have tried to make 
it much easier to build and at the same time, produce a 
module which is far ahead of the SC480 in all aspects of its 
performance. All the semiconductors on the PCB are con- 


QO: the last 15 years or so, SILICON CHIP has pub- 


Main features | 


e Easy to build 
e Uses low cost parts 
e Low distortion and noise 


e Compact PCB 

e Able to produce specified power output on a continuous 
basis with passive cooling 

e Onboard DC fuses 

o Power indicator LEDs 

e Fuse OK/blown indicator LEDs 
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ventional through-hole components. Also the small-signal 
transistors are readily available types and while the input 
pair of transistors won't give quite the same extremely low 
noise performance of our previous Ultra-LD Mk.3 & Mk.4 
designs, they are cheap and readily available. 

The other major difference between the new SC200 design 
and the Ultra-LD Mk.4 is that it does not use the exotic 
five-lead On Semiconductor “ThermalTrak” NJ3281D/ 
NJL1302D output transistors which have integral power 
diodes for quiescent current stabilisation. Instead, this new 
design uses conventional 3-lead power transistors from 
Fairchild, types FJA4313 and FJA4213. 

While the ThermalTrak transistors are largely responsible 
for the excellent performance of the Ultra-LD amplifiers, 
they are rather expensive at $8.90 each (current retail 
price) and that adds up if you’re building a multi-channel 
amplifier. 

And unfortunately, as our experience has shown, they 
never quite delivered on their promise to provide a stable 
quiescent current over the operating temperature range, 
without the need for adjustment. 

We’ll discuss the new output devices more later. 


Main features 


The main features of this new module, which we’ve 
called the SC200, indicative of its 200-watt power output 
into a 4-ohm load, are very similar to those of the Ultra-LD 
Mk.4. And while it will replace the work-horse SC480, we 
would like to think its performance will be very much in 
the thoroughbred class! 

It certainly delivers more power than the SC480, for a 
similar price to build. Those main features are listed in a 
separate panel but some require additional comment. 

Apart from exceptional performance, the SC200 has 
quite a few features which were not thought of when we 
produced the SC480. These include on-board LEDs which 
indicate if the power rails are present and which change 
colour if the DC fuses blow. 

And there is the clipping indicator circuit which drives 
a LED to show when the amplifier is being over-driven. 
This LED can be mounted on the amplifier front panel if 
desired and can be wired to multiple modules to indicate 
when any channel is clipping. Or you can simply have a 


e Clipping indicator LED 

e Clean overload recovery with low ringing 

e Clean square wave response with low ringing 

e Tolerant of hum & EMI fields 

e Survives brief short circuits & overload without blowing fuses 

e Quiescent current adjustment with temperature compensation 

e Output offset voltage adjustment 

e Output protection diodes (for driving 100V line transformers 
and electrostatic speakers) 
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clipping indicator for each channel in 
a stereo or surround sound amplifier. 

The power output is very similar 
to that of the Ultra-LD Mk.4 which is 
to be expected as it uses the same DC 
supply rails and same output stage 
configuration. 


Circuit description 


The main amplifier circuit is shown 
in Fig.1. A 1MQ resistor DC biases the 
input signal at RCA socket CON1 to 
OV. The signal ground (ie, RCA socket 
shield) is connected to power ground 
via a 10Q resistor, which improves 
stereo separation when modules share 
a power supply; it prevents a ground 
loop due to the grounds being joined 
directly both at the power supply 
module and at the signal source. 

The signal passes through an RF at- 
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$6200 200W AMPLIFIER MODULE 


tenuating RC low-pass filter (100Q/1nF 
plus ferrite bead) and is coupled to the 
base of PNP transistor Q1 via a pair of 
series connected 47uF 25V electrolytic 
capacitors (which are together more 
compact and cost less than an equiva- 
lent non-polarised capacitor). 

A 12kQ resistor provides a path for 
Q1’s base current to flow to ground. 
We have used readily available BC556 
low-noise PNP input transistors for 
the input differential pair, Q1 & Q2. 
The input signal goes to the base of 
Q1 while negative feedback from the 
output goes to the base of Q2. 

Both transistors have 47Q emitter 
degeneration resistors for improved 
linearity and they are fed with a com- 
mon 2mA current via trimpot VR2 and 
power indicator LED1. 

VR2 allows the current split to be 


CUPPING 
DETECTOR 
CIRCUIT 


KSC2690A, 
KSA1220A 


shifted slightly between the two tran- 
sistors, to trim out base-emitter voltage 
mismatch and thus practically elimi- 
nate any output offset, to avoid exces- 
sive DC current when driving a line 
transformer or electrostatic speaker. 
LED1 has no effect on the operation 
of the circuit except to indicate when 
it is powered. 

The currents from Q1 and Q2 gotoa 
current mirror comprising two BC546 
NPN transistors Q3 and Q4. The 680 
emitter resistors help ensure that equal 
current flows through each transistor 
as the voltage across these resistors 
is much greater than the base-emitter 
voltage difference between the two. 

Since the currents through Q3 and 
Q4 are held equal, any difference 
between the current from Q1 and Q2 
must flow to the base of NPN transistor 
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Fig.1: the complete circuit for the SC200 amplfier module minus the circuitry for the clipping detector, which is shown 
separately in Fig.2. Q1 and Q2 are the input transistors while Q5 and Q6 are the constant-current source. The signal 

from the collector of Q1 is fed to the base of Q7, which together with Q8 forms the voltage amplification stage. Q9 is the 
constant current load for Q8, providing very linear operation. Q10 is the Vgg multiplier and provides a floating voltage 
source which biases the complementary Darlington output stage. 


Q7. Thus, Q7’s base current is propor- 
tional to the difference in input and 
feedback voltages. It forms the first 
half of a compound (Darlington-like) 
pair along with Q8, a 160V high-gain 
transistor. A 2.2kQ resistor between its 
base and emitter speeds up switch-off. 

Q7 and Q8 together form the Voltage 
Amplification Stage (VAS). Q8 has a 
constant current source for its collector 
load, comprising transistors Q6 and 
Q9. Together, these set the collector 
current for Q8 at around 6.5mA. Asa 
result, the current flow to the base of 
Q7 is translated linearly to a voltage 
at Q8’s collector which controls the 
output stage. 

PNP transistor Q5 provides a con- 
stant current of around 2mA to the in- 
put pair and both it and Q9 are driven 
by Q6, which is set up to maintain a 
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constant voltage across their emitter 
resistors. In other words, Q6 biases 
the bases of Q5 and Q9 in such a way 
as to maintain an essentially static 
current through their collector/emit- 
ter junctions. 


Output stage 


The output stage consists of two 
pairs of Fairchild power transistors 
arranged as complementary emitter- 
followers. NPN transistors Q13 and 
Q14 are connected in parallel and 
source current for the speaker while 
Q15 and Q16 are PNP types and sink 
current from the speaker. 

Surface-mount 3-watt 0.12 1% 
emitter resistors ensure equal current 
sharing, linearise the output stage and 
produce a small amount of local feed- 
back. They also serve as handy shunts 


for measuring the quiescent current. 

Large power transistors require a 
substantial base current due to limited 
gain and this is supplied by driver tran- 
sistors Q11 and Q12. These effectively 
make the output stage a complemen- 
tary Darlington. 

The parallel 220Q resistor and 
220nF capacitor between the driver 
emitters speed up their switch-off 
when drive is being handed off from 
one to the other. 


Quiescent current stabilisation 


The four base-emitter junctions 
in the output stage, plus the voltage 
across the emitter resistors adds up 
to around 2.2V (as shown just to the 
left of Q10 in the circuit diagram) and 
thus a similar DC bias must be main- 
tained between the bases of Q11 and 
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CLIPPING DETECTOR FOR SC200 AMPLIFIER 


Fig.2: the clipping detector monitors the output waveform and lights LED6 
whenever the output voltage comes within about 4V of either supply rail. 
This indicates the onset of clipping. NPN transistor Q17 detects positive 
signal excursions while PNP transistor Q18 detects when the output signal 


approaches the negative rail. 


Q12 to keep the output transistors in 
partial conduction most of the time; 
otherwise, there will be substantial 
crossover distortion each time the 
signal passes through OV. 

The reason is that when the signal 
polarity changes (ie, from positive 
to negative or vice versa), the output 
current drive is handed off from one 
set of output transistors to the other; 
ie, from Q13 and Q14 to Q15 and Q16 
or the other way around. 

This transition has to be smooth or 


Specifications 


else there will be a step in the output 
voltage and the way to smooth it is to 
ensure that there is overlap between 
the conduction of both pairs. 

In other words, with the output at 
zero Volts, all four transistors are pass- 
ing some current. This is known as the 
quiescent current. 

This partial conduction requirement 
is a defining characteristic of a Class- 
AB amplifier (otherwise, they would 
be Class-B). 

To maintain a more-or-less constant 


quiescent current we need a “float- 
ing” voltage source of 2.2V between 
the bases of Q11 and Q12 and this is 
provided by the Vgg multiplier Q10 
and its associated components. 

But since the base-emitter voltages 
of the six transistors in the output 
stage all vary with temperature, a fixed 
floating voltage source is not suitable. 

The base-emitter voltages drop with 
increasing temperature at around 
2mV/°C so a fixed voltage source of 
2.2V would lead to increased current 
as the output transistors heated up 
and ultimately, to thermal runaway 
and destruction. 


Vege multiplier 

So our floating voltage source must 
not only be adjustable, to compensate 
for manufacturing variations in the 
output transistors and emitter resis- 
tors, it must also automatically reduce 
the bias as the amplifier heats up, so 
that the quiescent current remains 
reasonably constant. 

But first, let’s explain the basic 
concept of a “Vgg multiplier” before 
we consider how it tracks and adjusts 
for changes in operating temperature. 

The Vgg multiplier is sometimes 
referred to as an “amplified diode” and 
this gives some insight into its opera- 
tion. Consider that the base-emitter 
voltage of a conducting transistor is 
around 0.6V. The bias network to our 
Vgg multiplier comprises the 680Q 
resistor between collector and base 
and the 1kQ trimpot and 150Q resistor 
between base and emitter. This forms 
a divider between its collector and 
emitter, with a tap at the base. 

We already know that the voltage 
between base and emitter is 0.6V and 


Output power (230VAC mains).................. 200W RMS into 42, 135W RMS into 8Q 
Frequency response (10Hz-20kHz)........... +0,-0.05dB (8Q); +0,-0.120B (42); 
Input sensitivity: ...........22000n00000000102202220020> 1.26V RMS for 135W into 82; 1.08V RMS for 200W into 42 


Input iMpedane...............ccsccccscccesccesteceeeee 11.85kQ shunted with 1nF 


Rated Harmonic Distortion (4Q, 8Q)......... <0.01%, 20Hz-20kHz, 20Hz-30kHz bandwidth 


Signal-to-Noise Ratio:......... 
Damping factor:.................+. 


Stability: ........ 


Music powe’............:c:0ccc008 
Dynamic headroom. ........... 
Power supply: .........ccccccccee 
Quiescent current................ 
Quiescent power. ................ 
Output offset: ...............:0000 
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-1160B unweighted with respect to 135 Win to 82(20H2-20kHz) 
eee ee ~250 


unconditionally stable with any nominal speaker load 249 


Sa ee 170W (89), 270W (49) 
a E 10B (892), 1.3dB (42) 
+57V DC from a 45-0-45 transformer 
po ESET 88mA nominal 
E A 10W nominal 
typically <10mV untrimmed; <1mV trimmed 
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Parts list - SC200 Amplifier Module 


1 double-sided PCB, coded 01108161, 117 x 84mm 

1 diecast heatsink, 200 x 75 x 28mm (Altronics H-0536) 

4 M205 fuse clips (F1,F2) 

2 6.5A fast-blow M205 fuses (F1,F2) 

1 small ferrite bead (FB1) 

1 2.2uH air-cored inductor (L2) 
(or1 20mm OD x 10mm ID x 8mm bobbin and 1m of 1.25mm diameter 
enamelled copper wire, plug 10mm length of 20mm diameter heatshrink tubing) 

1 1kQ 25-turn vertical trimpot (VR1) 

1 100Q mini horizontal trimpot (VR2) 

1 switched horizontal RCA socket (CON1) OR 

1 2-pin polarised header (CON5) OR 

1 vertical RCA socket (CONG) | 

1 4-way pluggable terminal block with socket, Dinkle 4EHDV or equivalent (CON2) 

1 4-way pluggable terminal block with socket, Dinkle 3EHDV or equivalent (CON3) 

4 TO-3P insulating washers 

3 TO-126 or T022- insulationg washers 

7 15mm M3 machine screws with nuts 

6 6mm M3 machine screws with nuts 

4 9mm M3 tapped nylon spacers 

8 PCB pins (optional; TP1-TP7) 


Semiconductors | 

2 FJA4313 250V 17A NPN transistors, TO-3P (Q13,Q14) 
2 FJA4213 250V 17A PNP transistors, TO-3P (Q15,016) 
3 KSC2690A medium power NPN transistor (Q8,Q10,Q11) 
2 KSA1220A medium power PNP transistors (Q9,012) 
3 BC546 NPN transistors (Q3,4,07)* 

4 BC556 PNP transistors (Q1 ,2,05,06)* 

1 blue 3mm or SMD 3216/1206 LED (LED1) 

2 red 3mm or SMD 3216/1206 LEDs (LED2,LED4) 

2 green 3mm or SMD 3216/1206 LEDs (LED3,LED5) 

1 1N4148 small signal diode (D1)* 

1 BAV21 high-speed signal diode (D2)* 

2 FR307 3A fast-recovery diodes (D3,D4) 


Capacitors 

1 1000uF 6.3V electrolytic 

1 100uF 63V electrolytic 

1 47uF 35V electrolytic 

3 47uF 25V electrolytic 

2 220nF 50V multi-layer ceramic or MKT 

1 100nF 250VAC MKP 

4 100nF 63V/100V MKT 

2 1nF 638V/100V MKT 

1 150pF 250V COG/NPO ceramic or MKT/MKP 


Resistors (all 0.25W, 1% unless otherwise specified) 
11MQ 447kQ 122kQ 212kKQ 26.8kQ 32.2kQ 16802 
14709 1W 5% through-hole or SMD 6332/2512 
14702 1330Q 32200 = 11200 

1 100Q 1W 5% through-hole or SMD 6332/2512 
21002 2680 2470 1 100 

1 6.80 1% 3W SMD 6332/2512 

40.10 1% 3W SMD 6332/2512 
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since the beta (DC current gain) of 
the transistor is quite high (>100), it 
will draw negligible base current, so 
the current through the two resistors 
and trimpot VR1 will essentially be 
identical. Furthermore, since we will 
have 0.6V between base and emitter, 
it follows that we need 1.6V between 
collector and base, if we are to obtain 
2.2V between collector and emitter. 

So, to adjust the resistance of VR1 
to obtain 1.6V between collector and 
emitter, we need a resistance ratio 
between collector/base and base/ 
emitter of 1.6V~+0.6V or 2.6666:1. This 
means the total resistance of VR1 and 
its series 150Q resistor will be 680Q x 
0.6+1.6 = 255Q. And that means that 
trimpot VR1 must be set to a value of 
255Q -150Q = 105. 

We can therefore calculate the total 
resistance of the divider between col- 
lector and emitter at around 255Q + 
680Q = 935Q and therefore 2.2V / 935Q 
= 2.35mA will flow through it. 

The remainder of the 6.5mA, ie, 
4.15mA must flow through the collec- 
tor/emitter junction of Q10. 

But what if the external operating 
conditions around the Vgg multiplier 
act to increase the voltage between its 
collector and emitter above 2.2V? If 
that did happen, the resistive divider 
would cause its base-emitter voltage 
to increase but that would force the 
transistor to turn on harder and that 
would have the effect of reducing the 
collector-emitter voltage. 

So the Vgg multiplier transistor 
is instead forced to operate with a 
constant collector-emitter voltage! In 
other words, it operates as a shunt volt- 
age regulator, maintaining a constant 
voltage across the collector/emitter 


Additional parts for 
clipping detector circuit 


1 2-pin header and matching plug 
(optional; CON4) 


Semiconductors 

1 BC546 NPN transistor (Q17)* 

1 BC556 PNP transistor (Q18)* 

1 2N5551 high-voltage NPN transistor 


(Q19) 

1 yellow, amber or red LED (LED6) 

2 4.7V 0.4W/1W zener diodes 
(ZD1,ZD2)* 

3 1N4148 small signal diode (D5-D7)* 


Resistors (all 0.25%, 1%) 
6 100kQ 168kQ 133kQ 11kQ 
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SC200 Load Lines (Two Pairs Output Transistors, +57V Supply, 1% resistors) 
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2x, A4213/4313 100ms SOA (98% sharing) === 
| 8Q Reactive Load, 135W (5.6+5.6j) === 


eactive Load, 200W (2.83+2.83)) =m 


Fig.3: this 
diagram 
shows resistive 
(straight) 

and reactive 
(curved) 

load lines for 
operation into 
loudspeaker 
loads. Note 
that all the 
load lines are 
comfortably 
inside the safe 
operating area 
(SOA - red 
line) of the 
paralleled 
output 
transistors. 
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Collector-Emitter Potential (Volts) 


junction even if the current passing 
through it varies (but as long as it’s 
higher than the 2.35mA required for 
the divider to operate properly). 


Thermal tracking 


So how does Vgg multiplier transis- 
tor Q10 adjust for temperature changes 
in the output transistors? We make 
it do that by mounting Q10 on the 
heatsink immediately between driver 
transistors Q11 and Q12. Furthermore, 
Q10 is the same transistor type as Q12, 
so the thermal tracking of the driver 
transistors and by extension, that of 
the four output power transistors, is 
quite good; not perfect but quite good. 

So if the temperature of the heatsink 
rises by 50°C, that would mean that the 
required base-emitter voltages of all 
seven transistors (for a given collector 
current) on the heatsink will reduce by 
50 x 2mV = 100mV. 

If the base-emitter voltage of Q10 has 
reduced by 100mV, given that it oper- 
ates with a gain of (1.6 + 0.6)+0.6 = ~3.7 
times, the voltage of our floating source 
will be reduced to 2.2V — 100mV x 
3.7 = 1.83V and this voltage will be 
applied across the four base-emitter 
junctions of the complementary Dar- 
lington output stage transistors. That 
means that even though the transis- 
tor junction temperatures may have 
increased by 50°C, their quiescent 
current should remain much as it was 
at much lower temperatures. 

In practice, the process is not quite 
that good so we also have local feed- 
back provided by the 0.19 3W emitter 
resistors for the output transistors. 


34 SILICON CHIP 


If the voltage across these emitter 
resistors increases, due to increasing 
quiescent current, that will tend to 
reduce the base-emitter voltage (by 
subtraction) and therefore the current 
will reduce (or at least, not increase by 
as much as it would without them). 
By the way, the 220Q resistors be- 
tween either end of the Vbe multiplier 
Q10 and Q11/Q12 act as RF stoppers 
and also limit current flow under fault 
conditions (eg, a short circuit). 


Feedback & compensation 


Negative feedback goes from the 
junction of the output emitter resis- 
tors to the base of Q2 via a 12kQ/470Q 
resistive divider, setting the closed 
loop gain to 25.5 times (+28.5dB). The 
bottom end of the feedback network 
is connected to ground via a 1000pF 
electrolytic capacitor. 

This has a negligible effect on low- 
frequency response but sets the DC 
gain to unity, so that the input offset 
is not magnified at the output by the 
gain factor of 25.5. 

The 150pF compensation capacitor 
is connected between the collector of 
Q8 and the base of Q7, ie, it is effec- 
tively a Miller capacitor for the VAS 
“Darlington” (in a real Darlington, the 
collectors would be common). This is 
a single-pole compensation arrange- 
ment which rolls off the open-loop 
gain at a high frequency to give uncon- 
ditional stability with highly reactive 
loads across the amplifier’s output. 

The 22kQ resistor in series with the 
collector of Q7 limits its current under 
fault conditions. Should the amplifier 


outputs be shorted, it will try to pull 
the output either up or down as hard 
as possible, depending on the offset 
voltage polarity. 

If it tries to pull it up, the output 
current is inherently limited by the 
approximate 6.5mA current source 
driving Q11 from Q9. However, if it 
tries to pull down, Q8 is capable of 
sinking much more than 6.5mA. 

The 22kQ resistor limits Q8’s base 
current to around 2mA and since Q8 
has a beta of around 120, Q8’s collector 
will not sink much more than 240mA. 
This is still enough to burn out Q12’s 
220Q base resistor but that may be the 
only damage from an extended short 
circuit; very brief short circuits will 
should not cause any lasting damage. 

Note that the 22kQ resistor will 
cause Q7’s collector voltage to drop as 
it is called on to supply more current 
and the Early effect means its gain 
will drop when this happens. This 
can cause local negative feedback 
and oscillation. A low-value capaci- 
tor in parallel with the 22kQ resistor 
prevents this while still allowing the 
current to Q8’s base to quickly drop to 
2mA during a short circuit. 


Output filter 


The 0.1Q 3W emitter resistors of 
output transistors Q13-Q16 are con- 
nected to the output at CON3 via an 
RLC filter comprising a 2.2yH series 
inductor in parallel with a 6.8Q 3W 
surface-mount resistor, with a 100nF 
capacitor across the output terminals. 
The inductor isolates any added 
capacitance at the output (eg, from 
the cables or the speaker’s crossover 
network) from the amplifier at high 
frequencies, which could otherwise 
cause oscillation. The resistor reduces 
the inductor’s Q, to damp ringing and 
also forms a Zobel network in com- 
bination with the 100nF capacitor, 
which also aids stability. 


Driving a line transformer 


While a very low output offset volt- 
age gives slight benefits when driving 
normal speakers, it’s absolutely critical 
when driving a 100V line transformer 
(for professional PA applications) or 
electrostatic speaker (which will typi- 
cally have an internal transformer). 

That’s because the DC resistance 
of the primary winding will be much 
lower than that of a loudspeaker’s 
voice coil, so a lot of DC current can 
flow with an output offset voltage of 
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High DC voltages (ie, +57V) are present on 
this amplifier module. In particular, note that 
there is 114V DC between the two supply 
rails. Do not touch any wiring (including the 
fuseholders) when the amplifier is operat- 
ing, otherwise you could get a lethal shock. 


just a few millivolts. 

The other requirement for driving a 
transformer is to have protection di- 
odes on the amplifier output to clamp 
inductive voltage spikes which occur 
when the amplifier is driven into clip- 
ping (overload). 

These would otherwise reverse- 
bias the output transistor collector- 
emitter junctions, possibly causing 
damage. D3 and D4 are 3A relatively 
fast recovery diodes with low junction 
capacitance for their size and we have 
checked that they do not have any 
impact on performance. 

So there should be no changes 
necessary to use this module in a 
PA amplifier or to drive electrostatic 
speakers, as long as the output offset 
voltage is trimmed out during set-up. 


Indicator LEDs 


We have already mentioned a blue 
LED1 connected in series with the 
input pair current source and which 
is lit while ever the board has power 
applied. Since there is an ~50V drop 
required from Q5’s collector to VR2’s 
wiper, the power to operate this LED 
is effectively free. 

We’ve also included red/green LEDs 
LED2-LED5 to indicate the status of 
the output stage power rails. It isn’t 
always obvious that a fuse has blown 
without careful inspection. 

In the case of LED2, assuming F1 
has not blown, the voltage at either 
end of the fuse-holder is the same so 
no current will flow through the red 
junction. However, LED3is connected 
between the collectors of Q11, Q13 and 
Q14 and ground via a 47kQ current- 
limiting resistor, so it will light up. 

If fuse F1 blows, the collector 
voltages will drop to near OV, so green 
LED3 will turn off but the full rail 
voltage will be across the fuse-holder 
and so the red LED2 will switch on. 
Similarly, LED5/LED4 indicates green/ 
red when F2 is OK/blown. 

These LEDs will also indicate if one 
of the two supply rails is missing (eg, 
due to a wiring fault); in this case, 
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Spot the five surface-mount 3W resistors. Four are the emitter resistors for the 


output transistors and the fifth is inside the output inductor. 


LED1 will probably still light up so it 
might not otherwise be obvious. 


Clipping indicators 

Now we can talk about the on-board 
clipping detector/indicator circuit. 
This involves just a few components 
and will indicates whenever the am- 
plifier is driven into clipping, which 
may not be obviously audible. 

It can drive an external LED mount- 
ed on the front panel of the amplifier. 
These components may be omitted if 
they are not required. 

The clipping detector circuit is 
shown in Fig.2. Zener diode ZD1 de- 
rives a reference voltage 4.7V below 
the nominally 57V positive rail, ie, 
at about +52V. This is connected to 
the emitter of NPN transistor Q17. Its 
base is connected ‘to the amplifier’s 
output via a 100kQ current-limiting 
resistor, with diode D6 preventing 
its base-emitter junction from being 
reverse-biased. 

At the onset of clipping, the speaker 
voltage will rise above the +52V refer- 
ence plus Q17’s base-emitter voltage, 
ie, to about +53V. Q17 will switch 
on and sink current via LED4, a 1kQ 
current-limiting resistor and isolating 


diode D5, lighting up clipping indi- 
cator LED6. As the reference voltage 
is relative to the positive rail, any 
variations in supply voltage will be 
accounted for. 

ZD2, PNP transistor Q18 and diode 
D7 work in an identical manner for 
negative excursions. 

However, Q18 drives LED6 via high- 
voltage NPN transistor Q19 which acts 
as a level shifter. The 100kQ resistor 
in series with its collector limits the 
LED current to a similar level (1mA) 
despite the much higher rail voltage 
differential. 

This is not the simplest clipping de- 
tector circuit but it presents an almost 
completely linear load to the amplifier 
output, to minimise the possibility of 
any distortion due to its input load 
current. 

It’s connected to the driven end 
of L2, to give the amplifier the best 
chance to cancel out any non-lineari- 
ties in the load it introduces. 


Next month 

Have we whetted your collective 
appetites? Next month we will present 
the full details of performance and 
construction details. 
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Design by JOHN CLARKE 


DC speed controller: 
2 to 60V at Up to 40A! 


So you need a speed controller for a powerful DC motor. 

How much grunt do you want? This design has bags of it and can 
run with a DC supply from 12V to 60V, at currents up to 40A. 

As well, it has low battery cut-off, speed regulation (feedback), 
soft start and other useful features. 
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he 24V 20A speed controller 

f published in our June 2011 is- 

sue has been extremely popular 

and reliable over the years and it is 

still a valid design if you want a fairly 
modest power output. 

We also published a more complex 
12-24V 40A design with a 4-digit dis- 
play in the March & April 2008 issues 
but its complicated set-up made it less 
popular with readers. 

But now we have come up with a 
new design which can be regarded as 
our June 2011 design on steroids. 

Not only will it work with much 
higher battery voltages, up to 60V 
(equivalent to a 48V lead-acid battery) 
and at currents up to 40A, it has a wide 
range of features which will make it 
much more flexible. 

What sort of motors can you use 
with this speed controller? Answer: 
any brushed DC motor; permanent 
magnet, series-wound or shunt-wound 

and with current ratings up to 40A. 


Features 
One drawback of all our past DC 
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Features 


High or low-side Switching 


e Soft start at power up 


Minimum and maximum t 
Maximum speed limit setting 


speed controllers is that one side of the 
motor needs to be tied to the positive 
side of the battery. This is a problem 
in car applications because in those 
cases, one side of the motor is tied 
to chassis. Our new design caters for 
either situation, depending on link 
options on the PCB. 

Our new design provides good 
speed regulation as it monitors the mo- 
tor back-EMF. Back-EMF is the voltage 
generated by the motor which opposes 
the current flow. 

Motor back-EMF increases in pro- 
portion to the motor speed and so it 
can be used to provide good speed 
regulation. 

Soft start is another desirable feature 
which means that the motor does not 
start with a sudden jerk as soon as 
power is applied. Instead, it can be 
programmed to start very gently or 
very rapidly, depending on the setting 

of a trimpot. 

The speed of the motor can be 
adjusted using a standard potentio- 
meter (ie, via a rotary knob) or via a 
twist-grip (Hall Effect) throttle, as on 


Fig.1: these two circuits show 
the difference between high 
side and low side switching. 
This refers to the position 
of the control circuitry 
and motor with respect 
to the supply. In low side, 
the motor is switched, 

or controlled, between 

its negative connection 
and earth; in high side 
between the motor 
positive and the positive 


supply. 


FEEDBACK 


Operation up to 60V at currents up to 40A 
Hall Effect or potentiometer throttle 


Emergency Stop button with LED indicator 
Low battery shut down with LED indicator 
LED power and Speed indication 


Speed regulation with motor feedback 
hrottle range adjustment 


PWM frequency adjustment from 100Hz to 1kHz (typical) 


Fig. 1 (a): LOW SIDE SWITCHING 


electric bikes. There is also a flashing 
LED which gives a visible indication 
of the speed setting, with short flashes 
meaning low speed and longer flashes 
indicating high speed. 


Maximum speed setting 

Often you need to limit the speed 
at which a motor can run and in this 
design it is simple to set. 

As with our other DC speed control- 
lers, this circuit works on the pulse- 
width modulation (PWM) principle 
which means that it controls the power 
by rapidly switching two or three para- 
Neled Mosfets on and off. 

And since PWM speed controllers 
can result in an audible whine from 
the motor, we provide a trimpot to 
adjust the PWM frequency so you can 
tune it to minimise audibility of the 
switching. 

We should also state that some mo- 
tors will work better at low PWM rates 
since they may have high inductance. 

Others may work well at higher 
frequencies but the switching noise 
becomes more audible. Hence, setting 
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Fig. 1 (b}: HIGH SIDE SWITCHING 
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the PWM frequency is a compromise 
for the particular motor you are using. 


Emergency stop 

This feature is self-explanatory. Hit 
a switch and motor will stop imme- 
diately. If you don’t need it, you can 
leave the switch out. 

Emergency stop operates in one 
of two modes. The first will restore 
normal operation once the throttle is 
returned to zero. The second will only 
restore normal operation when power 
is switched off and on again. 

Finally, to prevent the battery being 
discharging too deeply and causing 
permanent damage, there is a low 
battery cut-off trimpot. For example, 
with a 12V battery, you might have a 


EMERGENCY a 
STOP z 
s3 j O 


THROTTLE 
MINIMUM 


iy = 
22pF 


I 


©2017 


38 SILICON CHIP 


cut-off setting at 11.5V. Going below 
that with sealed lead acid batteries can 
cause battery failure. 


Two PCBs 


The speed controller is mounted 
in a compact diecast aluminium case 
with four high-current binding post 
terminals, two for the battery connec- 
tions and two for the connections to 
the motor. 

On the side of the box are four LEDs, 
to indicate Power, Speed, Low Battery 
and Shutdown/Limit. There is also a 
toggle power switch and the speed 
control knob. 

Inside the box are two PCBs, one 
sitting on the base and one attached 
to the lid. 


+12-60V 


REG1 
LM2940CT-12 


HIGH POWER DC MOTOR SPEED CONTROLLER 


The PCB on the base is the control 
board, carrying the microcontroller 
and the eight trimpots and this is 
linked to the lid-mounted switching 
PCB which has the fuseholder, Mosfets 
and the four binding post terminals. 


High side & low side switching 

We have already mentioned that this 
circuit can work with one side of the 
motor tied to the positive side of the 
battery and it will also work with one 
side of the motor tied to the negative 
side of the battery, which is the case 
with most, if not all, the DC motors 
used in cars. 

Where the motor is connected to the 
positive side of the battery, the Mosfet 
doing the PWM switching is connected 


í Pq 
REG2 7805 


a CA Z 5 
N \ O 


SENSE: JP2 IN = LOW-SIDE SWITCHING 
OUT = HIGH SIDE SWITCHING 


* SEE TABLE 1 FOR VALUES 
OF THESE COMPONENTS 


Fig.2: the circuitry on this page is that on the “control” PCB. IC1, a PIC16F88, monitors the settings òf the various controls, 
along with monitoring the back-emf from the motor. It produces the PWM signal used to control the motor speed. . . 
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between the negative terminal of the 
motor and the negative terminal of the 
battery. We refer to this as “low side 
switching” and this is depicted in the 
circuit of Fig.:1(a). This configuration 
has been used in most of our previous 
DC speed controls. 

As you can see, the Mosfet is below 
the motor, on the “low side”. 

In the opposite case, the motor is 


connected to the negative terminal of 


the battery and the switching Mosfet 
is connected between the positive ter- 
minal of the battery and the positive 
terminal of the motor and this “high 
side switching” arrangement is shown 
in Fig.1(b). 

Arranging the gate drive signals to 
an N-channel\ Mosfet in a low-side 


aT +12 -60V CON3 
INSTALL RED LINKS Ltr are ean emis A LK2, LK3 & LK7) FOR HIGH-SIDE SWITCHING (HSS); ()| BATTERY + 
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switching circuit is comparatively 
simple since the source of the Mosfet 
is at OV and this is easy with typical 
logic or microcontroller switching. 

It is somewhat more complicated in 
a high-side switching circuit since the 
source terminal of the Mosfet is tied to 
that of the positive motor terminal and 
so when the motor has full voltage ap- 
plied to it, the Mosfet’s source voltage 
is almost equal to the battery voltage. 

But when the motor has low or 
zero voltage applied to it, the Mosfet’s 
source voltage is similarly low. This 
creates a problem with an N-channel 
Mosfet since it needs a gate voltage 
which is positive with respect to the 
source. 

Consider then, a circuit with a nomi- 


D2, D3 zD14 
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.. while the circuitry on this page is all on the “switching” PCB to actually drive the motor. As mentioned in the text, 
it is absolutely imperative that you ONLY install the red OR the blue links, depending on high or low-side switching. 
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LK6 (LSS) 


o Oe 


nal battery voltage of 48V and a Mosfet 
which requires a gate-source voltage of 
say, 10V to fully turn on. That would 
mean that the required gate voltage 
was about 58V, ie, 10V more than the 
battery voltage. How do you generate 
such high gate voltages which are tied 
to the source terminal and which need 
to “float up an down” according to 
whether the Mosfet is turned on or off? 

That task is performed by a “high- 
side driver’ IC, so we have one of 
those chips in our circuit, which we 
will now describe. 


Circuit description 

The full circuit of the motor speed 
controller is shown in Fig.2. The sec- 
tion on the left-hand page is that on 
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:- Agilent Technologies 


BE -250.08 


Freq(M ): 269Hz Ampl(1 ): 26.6V Ampl(2 ): 11.3V Ampl(M): 12.5V 
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These waveforms show the operation of the speed ER The top e trace 
is the PWM waveform from IC1. The yellow trace is the “jacked up” gate wave- 
form from the high-side driver, IC2. The green trace is the voltage across the 
motor — note that it is smaller in amplitude than the gate waveform. Finally, the 
pink trace is the gate-source waveform (difference between traces 1 & 2). 


the control PCB and it includes the 
PIC16F88 microcontroller (IC1), the 
International Rectifier IRS21850S 
high/low side driver (IC2), two 3-ter- 
minal regulators and seven trimpots. 

The section on the right-hand page 
is that of the switching PCB and in- 
cludes the two (or three Mosfets), the 
fast recovery diode (D1) and the all- 
important links which set the circuit 
up for high-side or low-side switching. 

We will make this point up-front: 
It is absolutely crucial that you only 
install one set of links for high-side 
OR low-side switching. 

If you (stupidly!) install all the links, 
you will have created a short-circuit 
directly across the battery which will 
blow the fuse to smithereens as soon 
as the circuit is connected! 

With that point out of the way, we 
will continue with the circuit descrip- 
tion. 

Starting on the left-hand side of 
the circuit, the microcontroller moni- 
tors the speed input signal from a 
potentiometer (VR8) or a twist-grip 
Hall Effect throttle and produces a 
5V pulse-width modulated (PWM) 
signal which is fed to IC2 where it is 
converted to a floating 0-12V signal 
suitable for the gates of either low or 
high-side connected Mosfets. 

The speed signal from potentiome- 
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ter VR8, ranging from 0 to 5V, is fed 
to the AN4 input of IC1 via a 2.2kQ 
resistor. IC1’s analog to digital con- 
verter (ADC) converts the speed signal 
to digital form. 

The ADC has two reference inputs, 
REF- and REF+. These references 
provide the range over which the 
ADC measures and they are set using 
trimpots VR1 and VR2, respectively. 

If a Hall Effect throttle is used, its 
output does not cover the full 0-5V 
range. So in this case, VR1 is used to 
set REF- to match the lowest voltage 
available from the Hall Effect throttle 
and VR2 is used to set REF+ for the 
highest voltage from the sensor. The 
digital result from the ADC then covers 
the full 0-255 range. 

REF+ and REF- do have limit restric- 
tions. REF+ can be set between 2.5V 
and 5V, while REF- can be from OV up 
to 2V below REF+. So for a Hall Effect 
throttle that has a 0.75V minimum and 
3.65V maximum, REF- is set for 0.75V 
and REF+ set to 3.65V. These values are 
within the voltage limit restrictions. 

So depending on the throttle setting, 
IC1’s PWM output at pin 9 produces 
a 5V pulse stream with a duty cycle 
ranging from 0% (Off) to almost 100%. 
It does not go to the full 100% (ie, 5V), 
as will be explained later. 

LED2, connected to pin 15 of IC1, 


flashes to mimic the duty cycle of the 
PWM signal; brief flashes at low speed 
settings and longer flashes for higher 
speed settings. 


ADC references 

While the throttle input at AN4 
uses the REF+ and REF- settings from 
VR1 and VR2 as discussed above, the 
remainder of the analog inputs to IC1 
are converted using alternative refer- 
ences set up within the software. 

The first of these is for low battery 
detection. The AN1 input, pin 18, 
monitors the battery voltage via re- 
sistor R1 and trimpot VR3. The input 
voltage to IC1 is limited by the 4.7V 
zener diode, ZD2. Table 1 shows the 
value of R1, depending on the nominal 
battery voltage. 

The battery voltage is deemed to be 
low when the voltage at AN1 falls be- 
low 2.5V, assuming an exact 5V at pin 
14 of IC1. If the voltage at AN1 drops 
below 2.5V, the Mosfets are turned off 
and LED3 is lit up. 

This condition will stay until the 
circuit is turned off and the battery 
voltage is increased (charge the bat- 
tery?). Shutdown will re-occur if the 
battery voltage is still below the low 
battery setting. 


Speed regulation feedback 


One of the tricky aspects of this 
circuit is providing for feedback of the 
motor back-EMF. As already noted, 
the back-EMF is proportional to the 
speed of the motor and it opposes the 
current. So when the motor is stalled 
(but voltage is applied) there will be 
no back-EMF and the current will be 
very high (this is the stall or locked- 
rotor current). 

Conversely, when motor speed is 
high, the back-EMF will be high and 
the current will be correspondingly 
low. For example, with an applied 
voltage of 12V and the motor running 
at maximum speed, the back-EMF 
could be as high as 10V. 

A further complication applies 
depending on whether the circuit is 
configured for high-side or low-side 
switching of the Mosfets. In the high- 
side switching case (see Fig.1(b)), the 
back-EMF will vary from OV to, say, 
10V, with the DC supply being 12V. 

That can be quite simply coupled 
back to the microcontroller. But in the 
low-side switching case, since one side 
of the motor is tied to the +12V rail, 
the back-EMF will vary from 12V (zero 
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| IRS21850S ` 


Fig.3: the high-side driver (IC2) generates 
its floating supply across the 10uF capacitor 
in a bootstrap mode, enabled by the switching of Mosfet Q1. 


speed), to 2V (full speed). In other words, the back-EMF will 
be tied to the positive rail and will have the opposite sense. 

There are two ways to cope with this problem. One 
method is to build a level-shifting inverting op amp circuit 
but op amps that can cope with a supply voltage and com- 
mon mode voltages running to 60V or more are expensive 
and hard to get. The way around this is to use level-shifting 
circuit using discrete transistors and this approach was 
presented in the Circuit Notebook pages of the December 
2016 issue. 

In this case though, we just reduce the back-EMF volt- 
age to no more than 5V and let the microcontroller figure 
it out. So, looking for a moment at the right-hand side of 
the circuit, we take the feedback (back-EMF signal) from 
the commoned source electrodes of the Mosfets (positive 
side of the motor) via link LK7 for the high-side switching 
circuit and from the commoned drain electrodes of the 
Mosfets via link LK8. 

The feedback signal is fed via resistor R2 to the “Adjust 
Feedback” 10kQ trimpot VR6. The voltage from the wiper 
of VR6 is limited by 4.7V zener diode ZD3 and filtered to 
remove motor hash by the 10uF capacitor and then fed to 
pin 12 of the microcontroller, IC1. 

The value of R2 is varied according to the supply voltage, 
as shown in Table 1 below. 


Nominal R1 

supply & R2 JP1 
Table 1: resistor, voltage à 
zener and jumper 
settings for 
various battery 
voltages. 


Jumper No zener 


erted 

10V 1W 
20V 1W 
30V 3W 


27kQ No jumper 
47kQ No jumper 
68kQ No jumper 


24V 
36V 
48V 


We need to tell the microcontroller whether the circuit 
is high-side or low-side switching and that is done with 
SENSE jumper link JP2, connected to the RB1 input at pin 7. 

Normally, the sense input is held high (5V) via an internal 
pullup current and in that condition, the software works 
for a high-side driver. If the sense input is tied to OV with 
link JP2, then software works for low-side switching. 


Speed limiting and 
PWM frequency 


You can set the maximum motor speed in the following 
way. Press the speed limit switch S2 (connected to the RB2 
input, pin 8) and set the throttle to the desired maximum 


siliconchip.com.au 


a 


Inside the Motor Speed Controller — full construction 
details will be presented next month but will be slightly 
different from this prototype. The links on the motor PCB 
have been set up for high-side operation. 


speed and then release the switch. Once the maximum 
speed is set in this way, you can apply more throttle but 
the duty cycle of the Mosfet switching will not increase 
beyond the limit. 

IC1’s PWM output switching frequency at pin 9 is set by 
50kQ trimpot VR7, the 4.7kQ series resistor and the 22pF 
capacitor connected to pin 16, the RC oscillator clock input. 
VR7 allows you to set the PWM frequency over the range 
from 100Hz to 1kHz, as previously noted. 


Mosfet switching 


The PWM output signal from IC1 is fed to IC2 and it 
can drive the N-channel Mosfets in high-side or low-side 
switching without any circuit changes being required. 

Fig.3 (above left) shows a portion of the circuit of Fig.2. 
The PWM signal from IC1 is fed to pin 2 and IC2’s pin 7 
drives the gate (or gates) of the Mosfets. IC2 has an internal 
floating supply that can raise its output up to 600V higher 
than the 12V supply rail, Vcc, applied between pins 4 & 1. 

The internal floating supply is between VB and Vs and 
is essentially a “bootstrapped” diode pump circuit. It de- 
pends on the Mosfet and load (in this case the motor) being 
connected. The Mosfet source connects to Vs (pin 6)and 
the gate connects to pin 7. With the Mosfet initially off, 
diode D2 charges the 10uF capacitor that’s between pin 8 
(Vb) and pin 6 (Vs) via the motor windings. At this point, 
the floating supply is sitting at about 12V and can provide 
a 12V gate signal to the Mosfet. 

When the Mosfet gate is taken to 12V, it switches on 
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Parts List - DC Motor Speed Controller 


Controller board 

1 PCB, coded 11112161, 107 x 82mm 

1 set of panel labels 

1 diecast box 119 x 94 x 57mm (Jaycar HB-5064) 

2 3-way screw terminals with 5.08mm spacings 
(as part of CON7 & CON8) 

3 2-way screw terminals with 5.08mm spacings 
(as part of CON7 & CON8) 

1 SPST toggle switch (S1) 

1 emergency shut-down switch latching DPDT 
pushbutton; S3; optional (Altronics S 0820) 

1 momentary PCB-mount switch (Jaycar SP-0601, 
Altronics $1120; S2) 

1 DIL18 IC socket 

2 2-way pin headers with 2.54mm spacings (JP1,JP2) 

2 jumper shunts 

1 knob to suit speed potentiometer 

4 rubber feet 

4 M3 tapped x 6.3mm spacers 

10 M3 x 6mm screws 

2 M3 nuts 

1 cable gland for 4-8mm cable 

1 500mm length of medium duty hookup wire 
(or 5 100mm lengths of medium duty hookup wire 
of different colours) 

8 100mm cable ties 

5 PC stakes (optional) 


Semiconductors 

1 PIC16F88-I/P microcontroller programmed 
with 1111216A.hex (IC1) 

1 IRS21850SPBF high-side driver (IC2) 

1 LM2940CT-12 low dropout regulator (REG1) 

1 7805 three terminal regulator (REG2) 

4 5mm LEDs (LED1 [green], LED2 [yellow], 
LED3 [amber], LED4 [red]) 

1 UF4004 1A fast diode (D2) 

1 1N4004 1A diode (D3) 

1 zener diode (ZD4) (see table 1) 

2.4.7V 1W zener diodes (ZD2,ZD3) 


Capacitors 

1 10uF 63V PC electrolytic 

9 10uF 16V PC electrolytic 

1 100uF 16V PC electrolytic 

3 100nF 63V or 100V MKT polyester 
1 inf MKT polyester 

1 22pF ceramic 


Resistors (0.25W, 1%) 

1 10kQ 1 4.7kQ 

R1,R2: see Table.1 

6 10kQ miniature horizontal trimpots (code 103) 
(VR1-VR6) 

1 50kQ miniature horizontal trimpot (code 503) (VR7) 

1 10kQ linear potentiometer (VR8) 


Power board 

1 PCB coded 11112162, 111 x 85mm (70m copper) 

2 50A red Jumbo binding posts (Altronics P9225) 
(CON3,CON5) 

2 50A black Jumbo binding posts (Altronics P9226) 
(CON4,CON6) 

1 40A PCB mount standard ATO/ATC blade fuse 
holder (Altronics S6040) (F1) 

1 40A* ATO/ATC blade fuse (*rating to suit motor) 

1 3-way screw terminals with 5.08mm spacings 
(CON2) 

1 2-way screw terminals with 5.08mm spacings 
(CON1) 


1 2.2kQ 51kQ 14.70 


1 200mm length of 0.7mm tinned copper wire 


1 600mm length of medium duty hookup wire 
(or 6 100mm lengths of medium duty hookup 
wire of different colours) 

2 M3 tapped spacers, 12mm long 

5 M3 x 10mm screws 


2 IPP023N10N5AKSA1 120A 100V N-channel 
Mosfets (Q1,Q2) 

1 IDP30E65D1XKSA1 60A 650V diode (D1) 

115V 1W zener diode (ZD1) 

2 4.7Q 0.25W resistors 


and its source is pulled up to the 
positive battery supply. The source 
voltage pulls the negative side of the 
10uF floating supply to the battery 
voltage (which can be up to 60V in 
our circuit) and the positive side of 
the 10uF capacitor is then 12V above 
the battery supply. Diode D2 is then 
reverse-biased. 

When the gate signal drops to zero, 
the Mosfet switches off and the 10uF 
capacitor is recharged 12V. In this way, 

. IC2 can always deliver an adequate 
gate pulse voltage to turn on the Mosfet 
and drive the load. 

However, for this process to work, 
the gate pulses can never have a duty 
cycle of 100%, ie, permanently high, 
because that would stop the diode 
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pump involving D2 from working. 
In practice, the PWM duty cycle can 
reach 99% without the floating supply 
discharging. This is why the PWM 
duty cycle can not ever reach 100%, 
as noted earlier in this article. 

In the low-side switching configura- 
tion, the floating supply in IC2 remains 
at ground level, due to Vs being con- 
nected to ground. IC2 is then used as 
a high current Mosfet gate driver that 
translates the 0-5V from the PWM 
output of IC1 to 0-12V. 


High-side & low-side 
switching configurations 


It may not be obvious, but the 
change from low-side switching as 
shown in Fig.1(a), to high-side switch- 


ing in Fig.1(b), is done by two sets of 
links and as already noted, only one 
set of these links must be installed on 
the PCB. 

So for the high-side switching, you 
would install the parallel links LK1, 
LK2 & and LK3, as well as the feedback 
link LK7. 

Similarly, for low-side switching, 
you must install paralleled links LK4, 
LK5 & LK6, together with feedback link 
LK8. These linking options essentially 
swap the positions of the Mosfets 
and motor, to agree with Fig.1(a) or 
Fig.1(b). 

Next month we will complete the 
DC Motor Speed Controller with the 
construction details and setting up 
procedure. se 
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SERVICEMAN'S LOG 


When spare parts aren’t around 


Some things just aren’t made like they 
used to be. When tools break you would 
expect that it would be cheaper for the 
manufacturer to supply spare parts than 
expect the consumer to buy a new tool. 


Some of my earliest and happiest 
memories are of being in my father’s 
workshops. I say workshops, because 
like many engineering types, he had 
several different shops over the course 
of his working life. The first I remem- 
ber was literally on the “other side of 
the tracks” in an area that was consid- 
ered a little bit, well, industrial. 

At that time, Dad was making ma- 
terials for a fishing rod manufacturer. 
He’d designed and built a machine — 
his lifelong specialty — that took mul- 
tiple threads of glass fibre from huge 
spools and pulled them through ‘a 
heated mould. Depending on which 
mould was being used, either a sol- 
id or tubular fiberglass rod magically 
emerged from the other end. 

This machine almost certainly dic- 
tated the type of workshop required 
due to its bulk, and was why this par- 
ticular location worked out so well. 

He also did a lot of other work from 
that workshop. For as long as I can re- 
member he was the neighbourhood’s 
go-to guy for fixing everything from 


TVs to talking dolls. These were the 
days, the mid-sixties, when people ac- 
tually held onto the stuff they had, as 
opposed to just chucking it away and 
buying a new one. 

Mind you, manufacturers back then 
had a different philosophy as well, to 
make the best possible product and to 
make it last, even while making spare 
parts widely available should the 
worst happen. It made a lot of sense for 
owners to repair rather than replace, 
and while that meant the cost of buy- 
ing new was dollar for dollar more 
prohibitive than it is today, products 
lasted much longer. 

This all meant that Dad had an al- 
most never-ending stream of jobs 
across his workbench and it was al- 
ways littered with a variety of gadg- 
ets and the specialised tools he some- 
times made to fix them. The nanny- 
state’s health and safety police of 
today would likely have a fit if they 
could have seen this workshop, with 
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the holes in the floor, exposed whir- 
ring and spinning machinery and the 
constant smell of hot fibreglass resin 
but I loved it and recall being very sad 
when Dad moved on from that venture 
to something else. 

Fast-forward ten years, and his 
workshop was then almost exclusively 
electronics. This was during the CB- 
radio craze of the mid-seventies and 
Dad was manufacturing a CB radio 
called the Telstat Minicom. 

My interest in electronics was get- 
ting more serious and this workshop 
was like a little slice of heaven for 
me. Given it was only a few kilome- 
tres from home, I ran there every day 
after school under the guise of “train- 
ing” for athletics but my motives 
were ulterior. I would spend an hour 
or so with Dad and his then business 


I RAN THERE EVERY DAY AFTER SCHOOL 
UNDER THE GUISE OF “TRAINING” FOR ATHLETICS 
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~ THE NANNY STATE'S HEALTH & SAFETY POLICE OF TODAY 
WOULD HAVE A FIT IF THEY COULD'VE SEEN THIS WORKSHOP 


partner, sometimes helping stuffing 
circuit boards, punching holes in chas- 
sis or simply watching and learning. 

Sadly, once the CB fad wound down, 
so did that business and Dad moved 
on to a home-based business, which 
meant his home workshop, which was 
already quite well appointed, gained 
some new specialised machinery and 
tools such as rotational moulders and 
vacuum formers. 

Eventually, I picked up that man- 
tle of the local repair guy and I’m still 
asked to repair home stereos or old 
radios and the like, mainly because 
the particular device holds sentimen- 
tal value. 

However, dare I say it, I think the art 
of repair is disappearing, thanks to this 
replacement culture, and manufactur- 
ers have a lot to do with it, with many 
changing their manufacturing meth- 
odology to reflect that culture. These 
days, even if the owner wants some- 
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thing repaired, it often can’t be, due 
to the non-availability of spare parts. 
Just the other day I had to break the 
news to a neighbour that their 1992- 
era, 3-CD player cannot be repaired 
because I just can’t find any suitable 
parts for it. Such is “progress” in the 
modern age. 

Another example of this “no repair” 
culture is illustrated in something that 
happened to me recently. It is non- 
electronic but the situation has many 
parallels in the field as well. 

A few months ago, I purchased a 
name-brand, 2-in-1 pneumatic sta- 
pler and brad nail gun from a large 
Australian-based hardware empori- 
um who have several stores here in 
Christchurch. 

This tool cost $99, which I thought 
a sensible price for a quality tool made 
by a well-known tool manufacturer. I 
especially like the bright-green plas- 
tic fittings, a trademark colour scheme 


this company uses on all their tools. 
The nail gun came with 250 18 gauge 
staples and 250 18-gauge brad nails 
and I bought it specifically to tack 
building paper onto the walls while 
renovating my latest workshop. 

With this pneumatic staple gun, 
the job went very well, however even 
before I’d used up all the staples that 
came with it, the hard-plastic ‘bump- 
er’ that clips onto the end of the bar- 
rel of the stapler broke in two and fell 
off the gun. This plastic piece offers 
some protection to the surface of the 
material you are stapling or nailing 
and assists in spreading the pressure 
applied when you push against the 
work, which you must do in order to 
activate the trigger mechanism and fire 
in the staple. 

Without the plastic bumper on 
there, the end is quite small and be- 
ing metal, easily marks timber or other 
softer surfaces. Indeed, when I tried 
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it without the bumper, the bared end 
tore the building paper on two out of 
five staple attempts, meaning I could 
no longer use it for this job. 

I consider myself reasonably good 
with tools, that is, I don’t habitually 
thrash them or put them under any 
more duress than they are designed for. 

This is the line I took as part of an 
explanation email to the support and 
spare parts departments of this com- 
pany in an effort to obtain a replace- 
ment plastic bumper. 

Surely I couldn’t be the first one 
this had happened to? I thought that 
this must happen often enough to war- 
rant a healthy store of spare bumpers, 
- made available through the retail- 
er or website parts department. But 
no, the bumpers aren’t available as a 
spare part. 

Thad to email back to make sure. Did 
no one else ever have this happen? I 
mean, the tip is plastic and takes a lot 
of hammering and once broken, the 
tool is a lot less functional, especial- 
ly on surfaces we don’t want marked. 
I’d pretty much have to junk the tool 
if I couldn’t find an alternative solu- 
tion. Then again, I shouldn’t have to 
do that at all... 

The first thing I did is what any 
self-respecting serviceman would do; 
I tried to repair it. After cleaning the 
two plastic pieces with isopropyl al- 
cohol to remove any oils and grease, 
I applied a liberal amount of 24-hour 
epoxy resin and taped the cover to- 
gether. 

I left it for two days to be sure the 
epoxy had completely set. It lasted all 
of ten staples before falling apart along 
the same fault line. Disappointed but 
undeterred, I went to the same local 
hardware emporium and bought the 
strongest two-part glue I could find. 

I also tasked the tool guys there 
about the bumper only to be told the 
same story. 

This time I glued the piece in place, 
using a U-shaped piece of copper shim 
material formed to bridge the gap at the 
top and being careful not to get glue 
into any of the workings of the gun. To 
hold it all together, I added another lay- 
er of glue to the outside and wrapped 
the whole thing in a couple of layers 
of heavy-duty electrician’s tape, pull- 
ing it as tightly as I could to squeeze 
the glue without breaking the tape. 

As it dried, I periodically worked 
the staple mechanism to ensure it 
wasn’t going to end up stuck together. 
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After another 48 hours, I trimmed the 
tape back with a scalpel and carefully 
cleaned off any dried glue that would 
foul the end of the bumper. Since then, 
I’ve pumped at least 4,000 staples and 
brads of various sizes through the gun 
and it is still going strong. 

However, the story didn’t end there. 
After that initial email stating there 
was no such spare part, I wrote an- 
other email in response saying how 
disappointed I was that such a fragile 
and necessary part was not available 
and that the tool was virtually useless 
to me without it. 

Isaid that I expected more from this 
particular company and considered it 
unfair that after paying over the odds 
for a better-quality tool, I actually end- 
ed up using it for less than a fraction 
of the time it should have lasted me. 
I told them I’d intended to use it for 
woodworking and joinery after the 
building paper job but that now looked 
to be out of the question. 

It was about this time I decided to 
try and repair it, and since I ended 
up with a working nail gun, I consid- 
ered it a win, no matter the company’s 
response. 

A few days later, I got a call from 
an Australian customer support rep- 
resentative. She asked for my postal 
address, which I gave, and she assured 
me the matter would be resolved. I 
thought they’d scraped up some bump- 
ers after all and were sending them 
over, though it was a bit moot now I’d 
glued mine on. 

However, that repair wouldn’t last 
forever, so I’d at least have another 
bumper to replace it with. A few days 
later, a courier arrived with a large box, 
and I immediately thought this was a 
ridiculous amount of packaging for a 
couple of tiny plastic parts. Perhaps 
they sent a hundred of them! 

When I opened the package, they 
had sent me a whole new nail gun! I’m 
extremely grateful for the amazing cus- 
tomer service but I can’t help feeling 
they could simply make spare bump- 
ers available and save themselves 
shelling out a lot of extra nail guns! 


Medion computer repair 

B. P., of Dundathu, Qld locked horns 
with a faulty Medion desktop comput- 
er. It was a time-consuming exercise 
but he eventually got it going again... 

I was recently given a Medion com- 
puter by a friend, after they bought a 
new computer. At the time, I was told 


that it no longer worked and that they 
would dump it if I didn’t want it. 

When I first saw it, I immediately 
noticed that the card reader door on 
the front panel was missing, as it had 
been accidentally broken off some time 
ago. However, the computer did havea 
Windows 7 license, making it a suita- 
ble candidate for repair, so I grabbed it. 

When I got the computer home, I 
immediately decided to check to see 
what was wrong with it. I began by re- 
moving the side panel and unplugging 
all non-essential items from the moth- 
erboard. I then removed the RAM and 
clsaned the contacts before refitting it 
and turning the machine on. 

It initially started up but then halt- 
ed with a CMOS error. As a result, I 
got into the BIOS set-up, altered some 
of the settings and rebooted it. That 
didn’t fix it, unfortunately. Instead, it 
was now completely dead. 

All further attempts to get it work- 
ing, including replacing the RAM with 
known good RAM, failed and it was 
now Clear that the motherboard would 
have to be replaced. I then checked 
the hard drive on another computer. 
It was also dead, so something major 
must have happened to the computer 
to cause all these hardware failures. 

Before going any further, I next de- 
cided to look into replacing the miss- 
ing front-panel door. After all, there 
would be no point doing anything 
else to the computer with the front of 
it looking the way it was. 

Much to my frustration though, the 
front panel proved difficult to remove, 
because the optical drive was block- 
ing access to one of the retaining clips. 
However, by using a thin knife, I was 
able to pop the clip and then remove 
the panel. 

I knew I had another Medion com- 
puter stashed in my shed and after 
some searching, I was able to locate 
it. This machine was considerably 
older than the one I wanted to repair 
and had a different front-panel layout. 
The case was also badly rusted at the 
back and the front power button was 
missing, so I didn’t mind wrecking it 
for parts. 

I removed the front panel from the 
older case, retrieved the door panel 
and door and compared it with the 
door panel from the newer case. It 
was significantly different, being some 
6mm deeper than newer unit, so I com- 
pletely dismantled the replacement 
door panel and trimmed it down to 
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size. I then reassembled it and fitted 
it to the newer panel. 

This worked out well and in fact, 
the front of the computer looked com- 
pletely original. 

My next step was to see if I had a 
motherboard that could be used as a 
replacement. As it turned out, I hada 
very similar AMD-based motherboard 
that looked like a suitable candidate. 
This was a Gigabyte GA-880GM-USB3 
Rev 3.1 motherboard with an Athlon 
II Quad Core 3.0GHz CPU, whereas 
the original motherboard contained 
an Athlon II dual-core 3.1GHz CPU. 
Provided I could get the replacement 
board working, it would have a bit 
more fire-power than the original unit. 

I then rummaged through my box 
of DDR-3 RAM and managed to find 
four Kingston 2GB modules. I installed 
these in the replacement motherboard, 
fitted the board inside the case and ran 
Memtest 86+. It all passed with flying 
colours, so that was the RAM sorted. 

I then cleaned and swapped over 
the original heatsink and fan from 
the faulty motherboard, as both were 
slightly larger than the stock AMD 
units on the replacement board. The 
fan was also fitted with a clip-on trum- 
pet and this actually lined up better 
with the holes in the side panel than 
the original trumpet. 

I also had a spare 500GB Seagate 
hard drive, so I installed that and then 
went about installing Windows 7 on 
the computer. Once finished, Win- 
dows 7 booted up without complaint 
and when I checked, I had 30 days left 
to activate it. 

I then installed the drivers for the 
motherboard and the inbuilt WiFi 
card, which is located behind the 
front panel. After a few days of test- 
ing to make sure everything was OK, 
I then activated Windows so that the 
machine was now ready for use. 

However, there was now a further 
problem. The original motherboard 
carried two internal USB 3.0 ports and 
there were two cables plugged into 
these: one running to a front-panel 
USB 3.0 socket and the other to a USB3 
back-up drive connector on the top of 
the case. Unfortunately, these internal 
ports were lacking on the replacement 
motherboard. 

I wanted to be able to use a USB 3.0 
port on the front of the computer, so 
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I had to think of some way of to con- 
nect it up (the back-up drive connec- 
tor was less important). A search on 
eBay soon turned up a USB 3.0 PCI- 
e x1 card with two external rear USB 
3.0 ports and an internal 19-pin header 
at the front of the card. This would be 
ideal, as I had already previously seen 
a 19-pin USB 3.0 plug to two USB 3.0 
ports adaptor on eBay. 

In the end, I ordered two adaptors 
and two cards and I waited for them 
to arrive. Once the parts arrived, I in- 
stalled one of the cards and plugged in 
a 19-pin to two USB 3.0 ports adaptor 
and connected the two USB 3.0 cables. 
I then turned on the computer and 
grabbed the card’s driver CD. 

Unfortunately, finding the correct 
driver on the CD proved to be anything 
but straightforward. The CD contained 
several drivers, so it was a trial and 
error process until I found the correct 
one. Once that had been done, the two 
extra USB 3.0 ports were fully func- 
tional and ready for use. 

Unfortunately, after about a week, 
the computer suddenly stopped work- 
ing. I soon found that the replacement 
motherboard had failed completely, 
which was a real blow after all the 
work I'd put into it. 

I had another look through my shed 


HORNS FOR 
LOCKING 


and this time I found an old rusty case 
with a Windows XP license. It also had 
a Gigabyte GA-880GM-USB3 mother- 
board, so I thought I would use this. 
I then noticed that even though 
it was exactly the same model, this 
was a Rev1 board, whereas the one in 
the Medion was a Rev3.1 board. The 
main difference was a slightly differ- 
ent layout near the RAM slots, with 
the Rev1 board also having one IDE 
connector and one floppy drive con- 
nector, whereas the Rev3.1 board did 
not have these additional connectors. 
Other than that, the two mother- 
boards were almost identical, with the 
same number of SATA ports. 
However, why do a simple swap 
when there’s an opportunity to com- 
plicate things! I knew I had another 
Rev3.1 motherboard in another com- 
puter that I’d just upgraded, so I de- 
cided to remove it from that computer 
and use it in the Medion 
The Rev1 motherboard could 
then be slotted into the donor com- 
puter. This would be a more prac- 
tical arrangement because the 
donor computer had a moulded floppy 
drive slot in its front panel. By substi- 
tuting the Rev1 motherboard, I could 
then connect the floppy drive again. 
The motherboard swap went 
smoothly and both computers were 
soon back in operation again, each 


ooo WHY DO A SIMPLE SWAP WHEN THERE’S AN 
OPPORTUNITY TO COMPLICATE THINGS? 
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Roberts DAB Radio Repair 


Fixing a simple fault can some- 
times involve a lot of disassembly 
work, as G. C. of North Ryde, NSW 
found out when he tackled a friend’s 
DAB radio. There’s always the risk of 
breaking something in the process. 

I was recently asked by a friend 
to have a look at a 5-year old DAB 
radio which, after daily use in the 
bathroom, was refusing to switch 
on. The radio in question was a Rob- 
erts Ecologic 4 mains/battery set. Its 
owner said that it was a good per- 
former and that he would like to 
have it fixed, if possible. 

Working on modern electron- 
ic appliances is not my favourite 
pastime, as I much prefer restor- 
ing valve equipment. Despite this, 
I agreed to have a look at it as a fa- 
vour owed. 

Given that this is a digital set, my 
initial guess was that the fault was in 
the push-on/push-off power switch 
itself or with the associated logic. If 
it were the latter, then I was hoping 
the requisite part would be read- 
ily obtainable. Roberts is a British 
company, although the radio itself 
is clearly made in China. 

Before spending time on the ra- 
dio, I decided to Google the symp- 
toms and found that this was a very 
common fault, with many disgrun- 
tled owners saying that the response 


with its original CPU and RAM. How- 
ever, I did have to reinstall the USB 3.0 
driver in the donor computer, because 
the Rev1 motherboard has a different 
USB 3.0 chip. Apart from that, all the 
other drivers for both motherboards 
were identical and there were no com- 
plaints from Windows about the moth- 
erboards being changed. 

Although this had all been a some- 
what time-consuming exercise, the 
end result is a refurbished, reasona- 
bly-modern computer that would have 


from Roberts was to send the radio 
back to them for repair, along with 
the specified fee. 

I couldn’t find a service manu- 
al online so I emailed the Roberts 
Technical Department, requesting 
an explanation of the notoriously 
common fault to help me fast-track 
a local fix. They replied that I should 
send the radio to them for repair. 

It was patently obvious I wasn’t 
going to get any leg-up from the 
manufacturer. 

At this stage, I decided to open 
up the set. This involved the usual 
routine of removing a dozen or so 
deeply-buried screws using a small- 
diameter, long-shafted screwdriver. 
The screws were of assorted gaug- 
es and lengths, so I made a note of 
which went where. ; 

With the case split in half, I was 
confronted by a power supply board 
in the rear section, adjacent to the 
battery compartment, from which 
a number of wires ran across to two 
main PCBs: one for the radio func- 
tion and its associated knobs and 
pushbuttons and the other for the 
stereo amplifier function. 

These two boards are mounted 
back to back, with an insulating 
sheet sandwiched between them. 
This sheet consists of a piece of al- 
uminium foil covered on both sides 


otherwise gone to scrap. 

It may not be up to gaming but it’s 
perfectly adequate for internet brows- 
ing, emailing and other similar activi- 
ties. And because I got it for nothing 
and I used mainly recycled compo- 
nents for the refurbishment, it cost 
me much less than the price of a new 
computer. 


Nothing to RAV on about 


B. C. of Dungog, NSW recently 
turned auto-electrician when he took 


Sarviding Safes Wentel 


Do you have any good servicing stories that you would like to share in The Service- 
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by black insulating material. 

The upper PCB is made of fibre- 
glass and contains mainly SMD com- 
ponents. By contrast, the lower PCB 
is phenolic and contains through- 
hole components. A plethora of 
wires run between these boards 
and to the stereo speakers. As well 
as those unpluggable cables, there 
were three wires soldered to metal 
inserts in the case which presum- 
ably provide shielding. 

It’s not what I’d call an elegant, op- 
timised design by any means. 

The on/off control is a 6 x 6mm 
pushbutton switch which is sol- 
dered to the upper PCB. Without 


- further disassembly I was able to get 


my DMM across its terminals and 
confirm that it was functional, so 
the problem lay elsewhere. 

Further Googling found just one 
technical reference to the fault and 
it laid the blame on a 4013 dual-D 
flipflop. That made sense, given that 
a momentary on/off switch needs a 
memory of its last switched state. 
And a dual-D flipflop is a typical 
way to accomplish that. 

A small dental mirror allowed me 
to see that there was a SOIC chip sol- 
dered adjacent to the power switch, 
so I proceeded to remove the PCB 
sandwich from the case, layer by 
layer. Removing the lower PCB and 
the insulating layer was compara- 
tively easy. 

continued next page 


on an aging Toyota RAV4 with speedo, 
tacho and air-conditioning faults. 

A friend’s daughter has owned the 
Toyota RAV4 (a late 1996 model) for a 
number of years now. Unfortunately, 
due to its age (20 years) and high mile- 
age, various problems have needed at- 
tention in recent times. 

Recently, I was asked ifI would look 
at problems with the speedometer, ta- 
chometer and the air-conditioning/ 
heating system. And so, on a recent 
visit to her parent’s place, I took the 
opportunity to examine the vehicle. 

By this time, the speedo had com- 
pletely failed and she was using the 
GPS function on a smart-phone to 
monitor the road speed! 

Fortunately, the Nippon Denso in- 
strument panel is relatively easy to re- 
move from this vehicle. I then retreated 
with the faulty unit to my workshop, 
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However, removing the upper 
PCB involved detaching the fascia 
from the case in order to reach three 
screws hidden underneath it. Un- 
clipping the fascia without breaking 
it was areal chore but I was eventu- 
ally able to reach the PCB. 

A quick check with a DMM re- 
vealed a short between pins 7 & 14 
of the 4013. Fortunately, it’s a fair- 
ly common chip costing around 50 
cents and a mate with an SMD reflow 
station kindly replaced it for me in 
a 60-second manoeuvre. 

With the new chip installed, I re- 
connected everything on the bench, 
applied power to the system and 
pressed the power switch. Bingo! — 


placed it face-down on a towel and 
removed the speedo and tacho heads 
from the main PCB assembly. Each 
head in turn had a small PCB soldered 
to its rear containing a meter move- 
ment with two coils. 

The speedo head (PCB — 0680) car- 
ried a 24-pin ND SE236 DIL IC but 
that wasn’t the cause of the problem. 
Instead, there was a dry solder joint 
on one of the four coil pins (two pins 
per coil). The same problem was evi- 
dent on the tachometer head PCB. This 
board carried a 16-pin D056956-0240 
DIL IC and it too had a bad solder joint 
on one of its four coil pins! 

Since these failures were due to vi- 
bration, I decided to blanket solder 
all the joints on both the speedo and 
tacho PCBs to ensure future reliability. 
It was then just a matter of reassem- 
bling the instrument panel, taking it 
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the LCD displayed “ABC Radio con- 
necting...” and a second or two lat- 
er, sound came through the speakers. 

As I reinstalled the PCBs inside 
the case and wrestled once again 
with the fascia, I began thinking 
that this hadn’t been too painful a 
job after all. And then it happened! 

The on/off button itself was at- 
tached to the upper part of the case 
by a flimsy web of plastic, about 
1mm across, which acted as a sort 
of spring. 

As the switch’s own button was 
only about 2mm high, the on/off 
button activated it by way of an in- 
tegral plastic shaft about 15mm long. 

Unfortunately, as I attempted to 


back to my friend’s house and refitting 
it to the vehicle. A subsequent road test 
then showed that both the speedo and 
tacho now worked perfectly. 

It was now time to troubleshoot 
the air conditioning/heating system! 
Switching the fan speed to each po- 
sition (with the ignition turned on), 
revealed that the blower fan motor 
wasn’t running at all. 

Removing the glove box and some 
trim items gave access to a sub- 
control panel and the blower fan 
motor assembly. 

A quick check with a DMM then 
indicated that +12V was present at 
the blower fan input connector, so it 
wasn’t a supply problem. 

Iunplugged the unit and connected 
a 12V 7Ah gel battery directly to the 
motor input connector via some suit- 
able test leads but there was still no 


line the button up with the switch, 
while simultaneously keeping the 
fascia in place, both the plastic web 
and the shaft disintegrated. There 
was nothing left to salvage or glue. 
Not happy, Jan! 

After the customary string of 
choice words, I thought about my 
options. As there was little chance 
of reconstructing the original plas- 
tic shaft and spring arrangement, I 
decided to fit a new tactile switch 
with its own long shaft. 

Fortunately, I was able to source 
one with a 17mm-long shaft (or actua- 
tor) and that was long enough to poke 
up through the hole where the on/off 
button resides. And so, once again, 
I had to remove the PCBs in order 
to solder in the replacement switch. 

The next task was to gently ream 
out the button itself and fill the in- 
side with Knead-It, a fast-setting 
epoxy putty. Once it had set, I then 
used a slow drill to make an indenta- 
tion into the putty just deep enough 
to accommodate the top of the 
switch’s shaft, while ensuring that 
the on/off button was at the correct 
height to remain in place in its hole. 

I then proceeded to once again 
wrestle with the fascia and this 
time it all went together without 
any drama. 

The new switch has a more posi- 
tive feel about it, and my friend was 
very happy to have the radio back in 
working order. 


response. As there were only three PK 
screws securing the blower motor as- 
sembly in place, it was easily dropped 
out for closer examination. Removing 
a small air vent cover then allowed ac- 
cess to the rear of the motor. 

Close examination of the motor with 
the aid of a LED torch subsequently 
revealed that the brushes and com- 
mutator were both badly worn. And 
that meant that a replacement blower 
motor assembly would have to be ob- 
tained and fitted. 

A search on eBay uncovered two 
locally-available secondhand units, 
both at a reasonable price. One of 
these was ordered and I bench-tested 
it before fitting it to the RAV4 during 
my next visit. This replacement unit 
completely restored the vehicle’s air- 
conditioning and heating system to 
normal operation. SC 
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4000MAH PORTABLE SOLAR 
RECHARGEABLE POWER BANK vB-3723 
Uses high-performance polymer lithium-lon battery. 
e 5V 2.1A output 

e 155(L) x 70(W) x 15(H)mm 


SURVIVAL TORCH, LANTERN, 
FIRE STARTER AND USB POWER 
TH-1942 


Ultimate survival tool and a must- 
have for every bug-out bag. 


e Rapid-Heating Fire Starter Coil 
e Internal Lithium Battery with Dynamo Backup 
e 60 lumens Torch or 20 lumens lantern 


e USB Charging Port 
$3495 
@ Bluetooth’ 


e. 


SOLAR LED LITHIUM BATTERY LIGHT KIT 
MB-3693 


Extremely lightweight perfect for camping or backyard shed! 
Provides up to 18hrs of light. 3 x individual 3W LED's. Solar or 


mains charging. USB charging port. Remote control included. 


ALSO AVAILABLE: 
SOLAR LED LIGHT KIT 
MB-3699 $99.95 


SOLAR BATT BANK & 
LIGHTING KIT MB-3697 $169 


LED WORKLIGHT AND TORCH 

WITH POWER BANK sT-3257 

e Durable, ultra-bright, light and 
exceptionally functional 

e Rubberised ABS Case 

e 2000mAh Powerbank with USB Outlet 

e Dual Function Selection 150 Lumen 
Worklight / 50 Lumen Torch 


e MicroUSB recharge cable supplied - 
200(L) x 38(W) x 30(H)mm 


Jaycar 


Electronics 


3G GPS/GSM TRACKERS 


Locate & track the whereabouts of a person, 
belongings or vehicle, in real time via the Internet 
on a computer or Smartphone. Built-in movement 
sensor to control GPS on off to extend battery life. 
GSM sim card and carrier required but not included. 


VEHICLE TRACKER 1A-3026 
Area and speed alert. 

e 12/24VDC 

¢5-10m location accuracy 
© 90(L) x 53(W) x 20(D)mm 


PERSONAL TRACKER 
LA-9028 

Features SMS location & 
tracking return, geo fence alarm, 
external SOS/panic button, 
external microphone and more. 
e Rechargable 

e USB cable, car charger included 
e 10 - 20m location accuracy 

e 61(L) x 42(W) x 11(D)mm 


RESPONSE 


c 


$299,,| 
oe 


e Sharp Knife & Can Opener 


e Includes 500mAh 3.7V 
Lithium battery 
e 119(L) x 47(Dia. approx)mm 
BLUETOOTH® IN-CAR EARPIECE 12V 400A COMPACT 
WITH USB CHARGER 2r-3135 JUMP STARTER AND POWERBANK we-3753 
TINY & SMART hands free communication. Ultra-portable and lightweight. Capable of jump starting 12V 
e Magnetic charging dock - no cables! flat batteries in cars, motorcycles, boats etc. 5V/2A USB port. 
e Cigarette lighter adaptor LED torch. In-car charger included. 135mm long. 
e USB 2.1A and 1A charging ports e High Capacity Lithium Battery 
ea e Includes 230mm USB to 30-pin / Micro USB / Lightning 
e 23(W) x 26(H D 
AVY ZEE x A7 iDIme (Earpiece Cable, & 350mm Jumpstarter Cable 
e 130(L) x 70(W) x 25(D)mm 


FROM 

$269 
12V AGM DEEP CYCLE 
BATTERIES 
Quality batteries for deep cycle 
applications. The absorbent glass mat embedded in 
the structure of the plates reinforces the lead frame of each plate, 
and stops the plates from buckling under heavy discharge current. 
75AH: 260(L) x 168(W) x 211(H)mm, 20.7kg SB-1680 $269 
100AH: 330(L) x 172(W) x 217(H)mm, 28.4kg SB-1682 $329 


External cord grip and suction 
boot with IP20 ingress rating. 
SOCKET PS-4004 $8.95 

PLUG PP-4006 $4.95 


with PA gear and cabling 
that are used in outdoor 
conditions. 


4 WAY USB POWERBOARD ws-4067 


EJE to 2,000mA total charging current can be shared between 
the 4 ports. Features a LED indicator, over current and short 
circuit protection. Includes a mains power adaptor. 


VISIT OUR BRAND NEW STORE IN ALTONA VICTORIA 


WATERPROOF AND 15A MAINS 

DUST PROOF XLR CONNECTORS 

PP-1014 Pa, 1 I $ 15A sockets and plugs with 

An IP67 waterproof XLR plate I ( large earth pin. Flexible clear 
with cover, suitable for harsh 524° PVC cover for screw terminal 
environments. Great for use visibility. Suits 10mm dia cable. 
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TECH TIP 


DISPLAYS FOR ARDUINO® 


One of the most useful things a device can do is communicate information 

to us. If our smartphone didn't have a screen it wouldn't be very useful. 
Arduino® is much the same, with most projects requiring some information to 
be communicated - about the sensors they are reading, or how they are doing 
at the little task we have set them to. Here's a guide to the many different 
displays that make up the Arduino® range, with some tips on choosing the 
best one for your application. We also refer you to projects where we have 
used them. Whether it be presenting basic numerical data, or even a complex 
graphical colourful display, there is a screen to suit your project. 


RGB 128 X 128 LCD SCREEN 
MODULE xc-4629 

Good for small but detailed text and graphical 
displays, similar to what might be found in a 
smartwatch. Controllable backlight. Display 
area is 26mm x 26mm. Uses 5 pins for data 
plus 2 for power. 


RED LED DOT MATRIX DISPLAY 


XC-4621 

High enough resolution to display some 
letters or graphics. Daisy-chain for larger 
displays without using more pins. Display 
area is 320mm x 160mm. Ideally suited for 
marquee type applications. Uses 6 pins for 
data plus 2 for power. 


www. jaycar.com.au/diy-arduino-clock 


CONDUCTIVE PLA FILAMENT 
1.75MM 250G 11-4142 


Conducts electricity so you can print 
your own low-voltage circuits, although 
its relatively high resistance is not suited 
to power circuits and could be used for 
signal circuits, touch sensor. Prints in a 
solid matt black. 


2 X 16 LCD CONTROLLER SHIELD 
XC-4454 

Monochrome text display with controllable 
backlight and 5 input buttons (up to 8 custom 
characters). Display area is 64mm x 16mm. 
Uses 6 pins for display and 2 for power, 1 for 
backlight and 1 analog pin for key input. 
www.jaycar.com.au/diy-arduino-clock-uno 


RGB 240 X 320 LCD TOUCH 
SCREEN SHIELD xc-4630 


Best suited for displaying graphics from a 
microSD card or detailed graphical and text 
displays, or small handheld games. Display 
area is 58mm x 44mm. Uses 13 pins for 
display and 4 for microSD card slot plus 2 
pins for power. 


www. jaycar.com.au/wireless-garden- 
monitor 


WAX FILAMENT FOR 3D 
PRINTER 1.75MM 250G 11-4140 


Wax enables you to polish, machine 

or carve the printed object for desired 
results. Has a soft rubbery finish, and 
prints down to around 100 degrees. Could 
also be used to print models for lost wax 
casting. 


3D PRINTING > 
TOOL KIT 10-2119 


Handy tools to help keep your 
printer in top working order. 


e 19 pieces in a carry case 
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Jaycar 


HEAT RESISTANT 3D PRINTING 
(KAPTON STYLE) TAPE nm-2817 
Compatible with a wide temperature 
range from -269°C (-452°F) to 260°C 
(500°F). 50mm x 33m roll. Use on heated 
beds for better adhesion. 


Follow us at facebook.com/jaycarelectronics 


RED 8 X 8 LED DOT MATRIX 
MODULE xc-4499 


Could be used to show one or 2 digits or 
perhaps a small graphic. Can be daisy- 
chained for larger displays without using 
more pins. Display area is 32mm x 32mm. 
Uses 3 pins for data plus 

2 for power. 

www. jaycar.com.au/ 
diy-christmas-star 


84 X 48 DOT MATRIX LCD 
DISPLAY MODULE xc-4616 
Monochrome 84x48 pixel graphical LCD 
with controllable backlight. Ideal for battery 
powered applications. Can show up to 6 
lines of text or any combination of graphics. 


Display area is 32mm x 22mm. Uses 5 pins for 


data, 2 for power and 1 for backlight. 


www. jaycar.com.au/diy-arduino-wifi- 
scanner 


128 X 64 DOT MATRIX LCD 
DISPLAY MODULE xc-4617 


Monochrome. Show 4 rows of 16 characters 


in text mode. Bright but compact display 
suitable for the desk or the car. Display 

area 71mm x 37mm. Can be run from just 
3 Arduino® pins in serial mode, plus 2 for 


power and 1 for LED if you need to control it. 


www.jaycar.com.au/christmas-clock 


NOW 
s14% 


‘SD CARD SHIELD 
XC-4552 WAS $24.95 


It supports SD, SDHC, or MicroSD TF 
cards. Use the on-board toggle switch to 
select the SD card type. 


e Operation Voltage: 3.3V 
e 57.15(L) x 44.70(W) x 19.00(D)mm 


NOW 
$4995 


SCREW SHIELD 
XC-4553 WAS $29.95 
Extends all pins of the Arduino® out to 
3.5mm pitch screw terminals. The screw 
terminal blocks allows sturdy, secure and 
dependable prototyping without the need 
for soldering. 


7-SEGMENT MODULE xc-4569 


Most useful for numbers, but could be used 
to show some letters or small animations. 
Display area is 28mm x 10mm. Only uses 2 
pins for data plus 2 for power. 
www.jaycar.com.au/diy-arduino- 
breathalyser 


16 X 16 LED DOT MATRIX MODULE 


XC-4607 

Good for a small numeric readout or a small 
graphic. Can be daisy-chained for larger 
displays without using more pins. Display 
area is 64mm x 64mm. Uses 8 pins for data 
plus 2 for power. 

www. jaycar.com.au/audio-matrix-spectrum 


INTELLIGENT 1.3" 
ROUND LCD 


Sag 
MODULE xc- 4294 > aes 


Ideally suited for graphical 

gauges, needle-meters and 

robotics projects. Can play audio 

straight from the microSD card which is 
included. Display area has 35mm diameter. 
Uses 3 pins for data and 2 for power 
(includes Arduino® shield to 5 pin adaptor). 


_SAVESIO | 


LED MATRIX KIT 
XC-4592 WAS $29.95 


This 8x8 LED Powered by MAX7219 and it 
only needs 3 data lines and 2 power lines. 
It has adjustable brightness. Usually used 
as electronic display panel. 


© 52(L) x 34(W)mm 


433MHZ RECEIVER SHIELD 


XC-4220 WAS $34.95 


Lets you intercept 433MHz OOK/ASK 
signals, decoding them in software on 
your Arduino®. 


Reset button 
e 433.92MHz tuned frequency 
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ULTRASONIC PARKING 
ASSISTANT 


Here is a great project to help you 
park your car in your garage. It 
simply uses an ultrasonic distance 
sensor to measure how far away 
the car is from the sensor, and 
then light up an RGB LED module 
to let you know how close you 
are. A simple job perfectly 

suited to an Arduino® project. 


SEE STEP-BY-STEP INSTRUCTIONS AT 


www.jaycar.com.au/ultrasonic-parking-assistant 


SEE OTHER PROJECTS AT www.jaycar.com.au/arduino 


ARDUINO® COMPATIBLE ACTIVE 
BUZZER MODULE xc-4424 


Use this module to generate a sound 
warning from your Arduino”, libraries 
are available to produce different 
tones and frequencies. j 
e Operating voltage 5VDC 

e Active speaker 

e3 pin header 

© 25(L) x 15(W) 10(H)mm 


DOUBLE-SIDED 
MOUNTING TAPE - 10M nv-2821 


Mount your parking assistant to the wall. Thousands 
of uses, from mounting PCBs in your project to 
putting up your posters. Double-sided, foam backed. 


PRACTICAL ARDUINO® 
BOOK BM-7132 


Provides detailed 
instructions for building 

a wide range of Arduino® 
compatible projects covering 
areas such as hobbies, 
automotive, communications, 
home automation, and 
instrumentation. Soft cover, 
422 pages. 


| ax ebiaoLoay maori 


Practical 


Arduino 


Cool Projects for Open Source Hardware 


NERD PERKS 


RRP $54.95 
$4995 
| SAvE$5 | 


Jonathan Oxer 
Hugh Blemings 


To order phone 1800 022 888 or visit www.jaycar.com.au 


” SWITCHMODE MAINS 


Zo 


DIY MOREINFO 
ONLINE 


Finished project XC-4442 


WC-6028 XC-4428 


WHAT YOU WILL NEED: 


DUINOTECH CLASSIC (UNO) 
XC-4410 $29.95 


Maaa O:a DUAL ULTRASONIC SENSOR MODULE 


XC-4442 $7.95 
$4 ALL 95 150MM PLUG TO SOCKET JUMPER LEADS - 40 PCS 
3 4 ARDUINO® COMPATIBLE RGB LED MODULE 
XC-4428 $4.95 


WC-6028 $5.95 
VALUED AT $48.80 


MODULE LEARNING 
KIT FOR ARDUINO® 


XC-4286 

Contains a duinotech MEGA, a 
breadboard, jumper wires and a 
plethora of peripherals in a 
plastic organiser. 

See website for full contents. 


FREE TTL LEVEL SHIFTER 
SHIELD FOR ARDUINO® 
FOR NERD PERKS CARD HOLDERS’ 


` 


ADAPTOR 12VDC 1.5A mP-3486 
Power the parking assistant. Regulated 
output voltage, small size and higher power 
output make this AC adaptor suitable for 
thousands of different applications. 


ARDUINO® COMPATIBLE BREADBOARDS P8-8817 
Breadboards for Arduino® and other DIY electronic projects. 
These have self adhesive tape on the back for easy mounting 
or screws can be purchased for permanent mounting. 
170 TIE POINTS PB-8817 $4.95 

830 TIE POINTS WITH POWER DISTRIBUTION HOLES 
PB-8815 $14.95 


Valid with purct 
XC-4599 VALUED AT 


FROM 
5 


PB-8815 


ARDUINO® COMPATIBLE 
BREADBOARD POWER MODULE 
XC-4606 

Receiving power from a USB socket or DC 
socket, this module adds a compact power 
supply to your breadboard. 


e Plugs straight into most breadboards 
e Can be set to 3.3V or 5V 
e Concave design saves space 


$995 


See terms & conditions on page 8. 


There has been an obvious resurgence in people getting back to the 
WO R KB F N C H workbench and reviving skills involving manual dexterity. As you will 

see across the following pages, Jaycar has all the DIY tools you'll need 

to equip your workbench so you can create projects from the power of 
TOOLS FOR YOUR === 


DIY PROJECTS — E 


OVER 15% OFF 


AUTOMO Ma “4, HEAVY DUTY CRIMPER/ 
e Inductive pickup for RPM measurement STRIPPER / CUTTER 
+ Dwell angle TH-1827 WAS $29.95 


< Works with ~ f 2 to 10 cylinders. ¢ Strip all types of cable from 
pe ho Gee a AWG 10-24 gauge (0.13 -6.0mm). 


e Crimps insulated & 
SEGRE voae UR 1 600V non-insulated terminals {1.5 - 6mm) 
¢ AC/DC current up to 10A 


e Crimps auto ignition terminals (7-8mm) 
e RPM xt, x10 


5. STORAGE CASE 18-6302 $24.95 EA 
2. LED HEADBAND MAGNIFIER QM-3511 


2 My e 4 trays: 233 x 122 x 32mm 
* Fits over prescription or safety glasses Tis R ARRE i j @ 
7 Ajuste mehpag San e Top tray has a generous 265 x 160 x 65 space — 


e 1.5x, 3x, 8.5x or 10x magnification + 270(W) x 260(H) x 150(D)mm 
e Requires 2 x AAA batteries 


6. LONG BIT SCREWDRIVER SET TD-2114 
«Includes popular slotted, Phillips, 
Star and TRI bits 


° 22 pieces 


3. 48W SOLDERING STATION 
TS-1564 WAS $99.95 


* Lightweight with ceramic heating element 

* Analogue temperature adjustment (150°-450°C) 
e 240V 

 150(L) x.115(W)x 92(H)mm 


i Now | 
$495 


NON-CONTACT 


THERMOMETER FREE AEROSOL BUTANE GAS 150G 
OM-7215 FOR NERD PERKS CARD HOLDERS’ 

Safely measure temperature Valid with purchase of TS-1328 f 
in hot, hazardous, or hard to a ! NA-1020 VALUED AT $5.95 f | 
reach places. 8:1 distance to ; | ra pe 
spot ratio. 

ALSO AVAILABLE: er =a Ò 


NON-CONTACT THERMOMETER 
WITH DUAL LASER TARGETING 
OM-7221 $139 


ot NIA 
a o aaa 


AUTOMOTIVE CRIMP TOOL | PORTASOL GAS SOLDERING 5159 
WITH CONNECTORS T-1848 | IRON TOOL KIT Ts-1328 

This excellent tool comes with 80 This kit contains a Portasol Super Pro Gas Soldering Iron, 
of the most popular automotive storage case, cleaning sponge and tray, 2.4mm and 4.8mm 
connectors. The tool will cut & strip double flat tip, hot air blow, knife tip and air deflector. 
wire, crimp connectors and also ¢120 minutes run time 

TTT cut a range of metric bolts. +10 seconds fill, and 30 seconds heat up 


e Maximum 580°C tip temperature 
$199 4 (max 1300°C for built-in blow torch) 


INSPECTION CAMERA 00-8710 $149 
Excellent for inspecting or locating objects 
in tight spaces e.g behind wall cavities or in 
engine bays. 

e 2.4" LCD. LED illuminated. 

ALSO AVAILABLE: 

2M EXTENSION LEAD 


FOR QC-8710 OC-8702 $79.95 SAVE $29.95 


= < fim 


$2495 PERKS # $2495 PERKS $2995 Ea PAIR OF 
La es RECHARGEABLE 


180MM 7S FUJIYA 175MM SCREW” ~ FUJIVATIOMM =” eA Tas 
BULL NOSE PLIERS TH-1984 REMOVING PLIERS th-2330 PRECISION LONG NOSE 
Professional tool and manufactured Japanese quality tool, skillfully PLIERS TH-2334 SIMPLY SUBMIT A PHOTO OF THE 
to the rigid German DIN standards for machined to a superb finish. The These are the perfect companion JAYCAR TOOL YOU CAN'T LIVE 
electrical safety & mechanical strength. serrated jaws are uniquely designed for our TH-2332 precision side WITHOUT AND YOU COULD WIN. 
They are for serious tradesmen who to securely grip screw heads cutters ($29.95) and are made to 
need a quality tool. These pliers will cut and extract them from seemingly the same exacting specifications. WORTH $ 1 O9PR 
hard wire up to 1.6mm & soft (annealed impossible situations such as They also feature sturdy box joint 
E © etc,) up to corrosion or stripped heads construction. win.jaycar.com/workbench 
e Hardness rating 53-57 Competition closes 23rd Jan. See website for the T&Cs 
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SMART TEST 
SCREWDRIVER 

TD-2055 

e Capacitor/diode/ transistor check 


e Globe/relay/fuse/speaker/resistor 
check 

e Locating broken wire 

e Instantaniously checks 
AC power 

e Earth disconnection check 


e Batteries included 


DIGITAL STEM 
THERMOMETER ow-7216 


Multi-purpose, suits lab, factory workshop 

or barbeque. Features fast response, min/ 

max memory and data hold. 

e Non-corrosive stainless steel splash- 
proof body 

e Requires LR44 battery (included) 

e 5000 hour battery life 

e 205mm long 


FIRE BLANKETS 


Designed for 
extinguishing 

. small fires. The fire 
retardant fibreglass 
fabric will suffocate 
the flame to restore 
safety. Keep one in 
your home, vehicle 
or at the campsite. Po 
1M X 1M GG-2340 
WAS $14.95 NOW 
$11.95 SAVE $3 


1.2M X 1.8M GG-2342 


WAS $24.95 NOW 
$19.95 SAVE $5 


FROM 


OVER 20% OFF 


SILICONE 

RESCUE TAPE na-2829 

Permanent air-tight and water-tight seal in 
emergency situations. Designed for quick 
plumbing repairs, sealing hoses, coating 
ends etc. Will repair a broken radiator 
hose (in most cases). 

e 25mm x 3600mm. 


MINI NON-CONTACT 

IR IP67 THERMOMETER 
QM-7218 

Ultra compact. LCD readout gives 
temperature in Celsius or Fahrenheit. 
Batteries and lanyard included. 

e Measurement range: -33 - 110°C 

e 82(L) x 17(Dia)mm 


260 LUMEN LED SPECIAL 
HEAD TORCH WITH $1 435 
ADJUSTABLE BEAM 

ST-3213 WAS $19.95 54 p OVER 25% OFF| 


e High, low 
and strobe 

e Wide to spot focus rd 
via zoom ef ) 

e Comfortable ea 4 
head-strap : 

e 3 x AAA batteries ad 
required : - 


80W OUTDOOR FLEXIBLE 
SOLAR POWER PACKAGE 


Power and lighting for campsite or backyard shed. 


BUNDLE DEAL INCLUDES: 


80W SOLAR FLEXIBLE PANEL ZM-9153 $329 


PORTABLE BATTERY BOX INCLUDES POWER 


ACCESORIES HB-8500 $109 
12V 100AH DEEP CYCLE GEL BATTERY SB-1695 $369 
FLEXIBLE LED STRIP LIGHT HOOK & LOOP CASE 

AND CARRY BAG ST-3950 $99.95 


VALUED OVER $906 


To order phone 1800 022 888 or visit www.jaycar.com.au 


POCKET GAS 
TORCH Th-1610 


Itis a fully 
self-contained Butane 
1300°C portable blow 
torch. It has simple 
press button Piezo 
ignition, flame control 
and safety lock. Has 
protective burner cap. 

e 95(H) x 55(L) x 26(W)mm 


4 


z 


MINI GAS F : 
SOLDERING TOOL SET TH-160 

Great for general workshop use. Features 
adjustment for temperature control, Piezo 
ignition, retractable stand, visible gas tank 
and child resistant latch. 


£ FREE AEROSOL BUTANE GAS 150G FOR NERD PERKS CARD HOLDERS’ 
Valid with purchase of TH-1610 or TH-1606 


NA-1020 VALUED AT $5.95 


| HOJLVUNA 


a 
3] 
= 
o 
a 


LED WORKLIGHT 


Powered by 3x AAA 
batteries (included). 


COMPACT 
LED TORCH s1-3456 


Massive light output of 190 lumens, a 


100 LUMENS ST-3270 ee ick 
WASSEHOWSTESSAI Se rae co 
ALSO AVAILABLE: p ing, camping 


or where your job requires it. 
e 105(L) x 34(Dia)mm 
e 3 x AAA batteries required 


180 LUMENS S1-3272 

WAS $15.95 NOW $11.95 SAVE $4 
250 LUMENS S1-3274 

WAS $39.95 NOW $29.95 SAVE $10 


12VDC OSCILLATING speciaL | RECHARGEABLE HANDHELD 
FAN WITH CLAMP $4 g95 CB RADIOS bc-1009 was $79.95 


GH-1398 WAS $24.95 
Keep cool in the stifling heat 
e On/off oscillating switch 
e Power via cigarette 
lighter socket 
e 180(Dia.) x 145(D)mm 
ALSO AVAILABLE: 
FAN WITH SUCTION 
MOUNT BRACKET 
GH-1399 WAS $24.95 
NOW $19.95 SAVE $5 


e Sold as a pair. 

© 0.5W, UHF, 80 channels 
e With LED torch built in to it 
e Charging cradle included 
e Up to 3km range 

| © Up to 30 hours battery 


OVER 20% OFF 


SPECIAL 
$697 


TECH TIP 


APPLICATION GUIDE 
FOR SEMI-FLEXIBLE 
SOLAR PANELS 


They are an excellent option for boats, 
campervans, caravans or camping power or 
camping power setups, as they are a lot slimmer 
and less bulky than their standard solar panel 
equivalent. Their main structure is a sheet of 
aluminium alloy material that is flexible, allowing 
you to bend the panel slightly to follow the 
curves of your mounting surface for a slimline 
installation. 


NERD PERKS CLUB OFFER 
BUNDLE DEAL 


$849 


SAVE OVER $57 


See terms & conditions on page 8. 


SLIM BALLAST XENON HID LIGHTS KITS 12VDC INTERIOR LED RETROFIT KITS 


Provides far greater light output than standard automotive Fantastic kits to upgrade your car/caravan/boat interior 


lights. All kits feature a slim ballast design for ease of lighing to LED technology. Each kit consists of an array of cool 
installation in engine bays and tight spaces. white LEDs on a board with 3M® adhesive foam backing. 

e 85(L) x 61(W) x 15(H)mm e Universal T10/211/BA9S 

e 300% more light than halogen 2.5W 260 LUMEN ZD-0585 $9.95 FROM 

H4 SLIM BALLAST HID KIT 12V 6000K SL-3494 $49.95 3.0W 310 LUMEN ZD-0587 $12.95 $995 
H4 SLIM BALLAST HID HIGH/LOW ee 4.5W 450 LUMEN ZD-0589 $14.95 

KIT 12V 6000K SL-3495 $84.95 


H7 SLIM BALLAST HID KIT 
12V 6000K SL-3496 $59.95 

Note: Please ensure your lights are 
angled correctly. These lights are 
not ADR approved. 


12V LED TRAILER 
FESTOON LED GLOBES LIGHTS KIT z072 S222] 4WD LIGHT BUNDLE 
CANBUS COMPATIBLE LEDs last over 50,000 — ee FT BUNDLE DEAL INCLUDES: 


A range of 150 lumens ultra-bright hours, use a fraction of the 2 X 6,300 LUMENS 6.5" SOLID LED DRIVING LIGHTS 


white LED replacement “festoon” ag power, and are more visible to other road SL-3920 $199 
globes for car interior lights. Fully =A bed ks $4 295 users. Sold as a pair. Kit includes 2x trailer $6995 1X WIRE STRIPPER TH-1824 $16.95 
compatible with modern “CANBus” ga lights, with a pre-made 7m trailer cable with 1 X UNIVERSAL RELAY WIRING KIT SY-4180 $59.95 


ee 
systems. 120° wide beam. 12VDC. 7pin flat trailer connector. Natesoferoailuise Oniy 


31MM ZD-0750 + ADR Approved 
36MM ZD-0752 : e Screw stud mount. VALU ED AT $474.90 
41MM ZD-0754 e 100(W) x 90(H)mm (each) 


NERD 
PERKS 


$199 


FUSED CIGARETTE 
LIGHTER PLUG TO 
DC PLUG 


Internal fuse and LED 
power indicator. Supplied 


USB CHARGER WIRING KIT ps-2017 


Weatherproof cover, suitable for mounting on motorbikes, 


ee Sea 4-WAY POWER SPLITTER under-dash on boats or open-top cars. Outputs 5VDC DUAL PORT USB CHARGER wPr-3616 
able lenght 1.9m WITH USB Ps-2019 to power or charge Smartphones, Tablets, GPS, etc. Charge your USB devices in your vehicle. 
2.5MM PP-1997 Power up to four 12VDC plug appliances at 12/24VDC. Supplied with 1.2m fused lead with SAE Supplied with mounting hardware. 1.0A + 
2.1MM PP-2008 once (max 10A). USB socket (max 1A). connectors for easy disconnects. 2.1A USB ports, 3.1A max. output. 12/24VDC. 
SINGLE CORE CONDUCTORS - 

10M ROLLS POWERTECH 


as 


Tinned DC power cable suitable for 
general purpose automotive and marine 
applications. 15A rated current. Total 


gA Rol 


ress 


diameter is 3.3mm. Max temperature 80°C. i : 
RED WH-3054 
Creal ee $11 NEGATIVE BUS AUTOMOTIVE FUSE HEAVY DUTY 12V CIRCUIT 
ee BAR & BLADE FUSE HOLDER ASSORTMENT s¥-2142 BREAKERS 

These fuse blocks come with blown fuse Contains 120 standard size High quality units with multi-wire gauge 
TRAILER CABLES FROM indication LEDs. Transparent cover with automotive blade fusesina inputs/outputs, perfect for high powered car 
A 10 metre length sheathed in a $3995 recessed areas for label stickers. 6 compartment storage box. audio, automotive or solar installations. 
tough black PVC jacket. Makes ~- MODULAR DESIGN NEGATIVE BUS BAR Includes 20 each of 5A, 10A, e Panel Mount 
wiring easy. See website for ite SZ-2011 $19.95 15A, 20A, 25A & 30A fuses. 60A S7-2081 
wiring guide. = MODULAR DESIGN BLADE FUSE BLOCK ALSO AVAILABLE: 120A SZ-2083 
5 CORE WH-3091 $39.95 — SZ-2013 $34.95 FUSE PULLING TOOL 200A SZ-2085 


7 CORE WH-3090 $44.95 T TH-1973 $1.95 


NERD PERKS CLUB MEMBERS RECEIVE: 


(0) EARN A POINT FOR EVERY DOLLAR SPENT 
: — = AT ANY JAYCAR COMPANY STORE’ & BE 
(0) i D ee REWARDED WITH A $25 JAYCOINS GIFT 


f E OG CARD ONCE YOU REACH 500 POINTS! 
ALL DC POWER & TRAILER CABLES Š d = i i Conditions apply. See website for T&Cs 


IN ROLL OR BY THE METRE 


REGISTER ONLINE TODAY BY VISITING: www.jaycar.com.au/nerdperks 
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LOW VOLTAGE CIRCUIT TESTER 
TD-2049 

Looks like a neon test screwdriver but 
instead of a blade on the end this tester 
has a probe and a 28" lead which clips to 
the ground. Suitable for 6/12/24 volts for 
use on Cars, trucks, boats, etc. 


SPEEDO CORRECTOR MODULE 

AA-0376 

This module alters the speedometer signal 

up or down from 0% to 99% of the original 

signal. Input setup selection can be 

automatically selected and features a LED 

indicator. 

e Power: 12VDC 

e 63(L) x 46(W) 
x 25(H)mm 


st) 


SLAVE DOOR LOCK ACTUATORS 
LR-8813 
Use on passenger doors. Durable, waterproof, 
dustproof. Supplied with universal mounting 
hardware. Wiring not included. 
e Input voltage: 9 - 16VDC 
ALSO AVAILABLE: MASTER DOOR LOCK 
ACTUATOR LR-8815 $14.95 

NERD PERKS 


FRc, Me 


SAVE OVER $20 


CAR DOOR LOCKING KITS 


ALTERNATOR/ 

BATTERY MONITOR pp-2142 
Simply plugs into your car's cigarette 
lighter socket to check alternator and 
battery status. 12VDC. 


AUTOMOTIVE 
MULTI-FUNCTION 
CIRCUIT TESTER 
WITH LCD om-1494 
Designed to test the 
electrical system of 
an automotive vehicle 
running on 12V or 24V. 
e 240(L) x 78(H) 

x 40(W)mm 
See website for 
specifications. 


12 PIECE AUDIO AND 


INTERIOR REMOVAL KIT TH-2339 


Prevent scratching and damaging your 


vehicle interior with specialised tools. This 
set of pry bars allow you to remove all the 


panels including those upholstery clips. 
Designed to suit any car 
model. 


STEELMATE CAR ALARM 
LA-9003 WAS $129 


CORDLESS 

VOLTAGE TESTER op-2212 
Designed for used on modern cars. Quick 
and easy way to locate electrical faults 
without a bulky meter. Works on 3-28V 
circuits. It lights up and buzzes when 
positive voltage is detected. 


OBD2 BLUETOOTH® 4.0 
ENGINE CODE READER pp-2145 
View vehicle speed, RPM, fuel cosumption, 
fuel pressure and engine coolant 
temperature. See website for specifications. 
HOW IT WORKS: 


1. Connect to OBD2 port 
2. Pair it with smartphone, laptop, or tablet 


3. Use the supplied software or app to 
monitor an array of engine parameters 


ELECTRIC CAR BOOT/ 
HATCH RELEASE 12-8834 
Solenoid comes with mounting bracket, 
wiring loom (fuse included), dash mount push 
button switch and installation instructions. 
°12VDC 
e Solenoid Unit (inc bracket); 

95(L) x 43(D) x 58(H)mm 
e Switch (on L bracket): 

50(H) x 44(W) x 40(D)mm. 


ats 


CIGARETTE LIGHTER BATTERY 
MONITOR op-2220 

Check the voltage output of your car's 
battery quickly and easily. Plug it into the 
cigarette lighter socket and get an instant 
readout of the electrical system's voltage. 
e Operating voltage: 8 - 28VDC 


DIGITAL 
TACHOMETER ow-1448 
Features a large LCD 
display, laser pointer, 
memory recall and a DC 
socket for mains power 
(5VDC at 50mA). Supplied 
with carry case and 600mm 
reflective tape marks. 
e 50mm to 500mm 

detecting distance 
e 2.5 to 99,999 RPM 
e 4 x AA batteries included 
e 72(W) x 160(H) x 37(D)mm 


SELF-POWERED LED PANEL 
METERS op-5586 WAS $24.95 
Simple 2 wire connection for voltage 
readout. Auto zero calibration and easy 
to read red LED display. 

© 8-30VDC 

e Automatic polarity sensing 

e Cutout size 42 x 23mm 


OBDII HEADS 
UP DISPLAY 1A-3027 


Displays relevant data on your 
windscreen to keep eyes on the road 


Add a touch of luxury to your car with this 
low cost 4 door central locking kit. Supplied 
with actuators, control relay, hardware and 
wiring loom. 

4-DOOR POWER LOCK KIT LR-8812 $39.95 
REMOTE CENTRAL LOCKING KIT 2 KEYFOBS 
LR-8839 $49.95 


e Features a 3" colour LED 
e Projects Speed, Fuel Consumption, 
Water Temperature, Battery Voltage 
e Low Voltage and 
High Temperature Alarm 
See our website for car compatibility. 


Affordable car alarm with voice feedback on 
alarm status with operational features such 
as open doors. Kit includes metallic water 
resistant 5-button transmitters, dedicated 
boot release button, voice warning, anti- 
hijacking, emergency call & locating and 
emergency override. 


CAR AMPLIFIER WIRING KIT AA-0442 


A complete 8G wiring kit for installing an 
amplifier into your vehicle. Everything you 
need, down to the cable ties and screws. 


REMOTE CONTROL RELAY BOARDS 


Add remote control functions with these 
handy relay boards. Each channel can be set 

_ to momentary or latching mode allowing you 
to customise the setup to suit your application, 
40m max transmission range. 12VDC. 
2-CHANNEL RELAY BOARD LR-8855 $49.95 7 
4-CHANNEL RELAY BOARD LR-8857 $59.95 <= | 
2-CHANNEL KEYFOB LR-8856 $15.95 
4-CHANNEL KEYFOB LR-8858 $19.95 


ONE CHANNEL 

HAND CONTROLLER/ 
TRANSMITTER LR-8827 
Operates on 27.145MHz and 
requires a 216-type 9V cell. 
Alkaline battery recommended 
(sold separately). Custom coded 
via a DIPswitch, accessible 
from the battery cover. 

© 96 (H) x 55 (W) x 20 (D)mm 


LEARNING CAR ALARM 
REMOTE KEYFOB La-8992 


Program 4 different codes and control all 
your alarms with just one Fob. 


e 250MHz to 450MHz frequency 
e Not suitable for code hopping alarms 


To order phone 1800 022 888 or visit www.jaycar.com.au See terms & conditions on page 8. 


HAND PROTECTION = WEATHER STATION 4.5" FLOOD/SPOTLIGHT 500 LUMEN 2" VEHICLE 
LOTION 59ML KEYRING COVERS 3PK LED SPOT LIGHT 
SQUEEZE BOTTLE XC-0394 WAS $29.95 SL-3917 WAS $24.95 SL-3916 WAS $54.95 


NA-1200 WAS $12.95 


SAVE $60 


SAVE $30 


| savesso | 


| _SAVES30 | 


1500 LUMEN 


6-WAY MEMBRANE RECHARGEABLE COMPACT 25W SOLID LED HEADLAMP LED KIT POWERED BY 
SWITCH PANEL WITH RELAY BOX TORCH st-3494 FLOODLIGHT s1-3932 WAS $149 CREE® SL-3522 WAS $189 
SP-0900 WAS $69.95 WAS $119 


NOW NOW 
5329 
POWERTECH Epe 14,400 LUMEN -SPOT iow 
MONO-CRYSTALLINE 12V 3-IN-1 JUMP STARTER 24V 400A SINGLE ROW LED $339 
NARROW SOLAR PANEL WITH SPIRAL WOUND BATTERY JUMP STARTER & POWER BANK LIGHT BAR 


ZM-9085 WAS $319 MB-3730 WAS $119 MB-3752 WAS $399 SL-3987 WAS $399 
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A33MHz LoRa 


FIG.1: TRANSMITTER 


CIRCUIT NOTEBOOK 


Interesting circuit ideas which we have checked but not built and tested. Contributions will be 
paid for at standard rates. All submissions should include full name, address & phone number. 
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LoRa remote repeater for ultra-long range digital communications 


This project uses two different 
long-range digital radio modules 
with a repeater to transmit data to a 
remote location around 15km away, 
using standard 433MHz whip an- 
tennas. 

The transmitter unit sends its 


GPS-derived latitude and longitude . 


plus an ultrasonic distance measure- 
ment and local temperature using a 
433MHz digital radio. 

This is picked up by a repeater 
which then retransmits the data us- 
ing a more powerful 433MHz trans- 
ceiver for the second hop to aremote 
receiver which displays the data on 
an LCD. The repeater unit manages 
this process, as explained below. 

An advantage of using a repeater, 
other than simply extending the 
range, is that it can allow commu- 
nication between two points which 
do not have a line-of-sight, as long 
as they can both “see” a third point; 


siliconchip.com.au 


possibly one which is at a much 
higher elevation to clear surround- 
ing obstacles. 

All four 433MHz transceiver mod- 
ules used are based on the SX1278 
chipset but the pair used for com- 
munication over the first hop (from 
transmitter to repeater) have 100mW 
transmit power while the second 
pair has 500mW transmit power and 
thus is capable of longer-distance 
communication. All three units are 
based around an Atmel ATmega328P 
processor and programmed with Ar- 
duino software. 

At this point, we should mention 
that this unit was built and operated 
in India. In Australia, unlicensed 
433MHz transmitters are not al- 
lowed to exceed 25mW (14dBm). 
So such a unit operated in Australia 
would not be capable of this sort of 
range. However, the transceivers 
can be programmed to operate at 


legal power levels (see below) and 
the overall principle is still sound. 

Long distances may still be achiev- 
able, however more repeaters and 
higher-gain antennas would be 
required. 

The transmitter circuit is shown in 
Fig.1. It runs from a single lithium- 
iron-phosphate cell of 3-3.7V. 

Note that due to the lack of a 
regulator, lithium-ion and lithium- 
polymer cells are not suitable. 

Microcontroller IC1, the u-blox 
GPS receiver, HC-SR04 distance 
sensor and temperature sensor IC2 
are all powered directly from this 
cell, via power switch S1. Data is 
exchanged with the GPS receiver 
via an RS-232 bus using IC1’s pins 
2 & 3 (RXD and TXD). 

Temperature is read from IC2 (a 
DS18B20 digital temperature sensor) 
using IC1’s pin 14 (PBO) for Dallas 

continued next page 


JANUARY 2017 57 


Cireult Notebook = Continued 


A33MHz LoRa 
TRANSCEIVER 


FIG.2: REPEATER 
LoRa remote repeater... 


1-Wire serial communication. The 
distance to a nearby object is meas- 
ured using an HC-SR04 module with 
its trigger and echo lines connected 
to pins 27 (PC4) and 26 (PC3) of IC1 
respectively. 

An article on page 82 of the De- 
cember issue of SILICON CHIP ex- 
plains how this module works. 

Microcontroller IC1 waits for a 
request for data from the repeater 
via its 433MHz transceiver, gathers 
the available data from the various 
sensors and then transmits a 32-byte 
burst using its SPI serial bus, on pins 
17 (MOSI), 18 (MISO) and 19 (SCK). 

Pin 15 controls the reset line on the 
LoRa module while pin 16 drives the 
SS (slave select) line. The transceiver 
is fitted with a 6dBi whip antenna. 

The circuit for the repeater is 
shown in Fig.2. The connections for 
the transceiver shown at upper left 
are the same as those in Fig.1. 

However, since this unit has an 
optional 16x4 alphanumeric LCD for 
displaying the data being relayed, it 
runs from a 3-cell lithium-ion or lith- 
ium-polymer battery of 7.4-11.1V. 
This is reduced to 5V and 3.3V by 
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REG1 and REG2. The 5V rail powers 
the LCD module, while the 3.3V rail 
powers everything else including the 
microcontroller and the transceivers. 

Communication with the E32- 
TTL-500 transceiver is via the mi- 
cro’s serial port at pins 2 (RXD) and 
3 (TXD). The three additional radio 
module control pins, AUX, MO and 
M1 are connected to general-purpose 
T/O pins 23 (PCO), 24 (PC1) and 25 
(PC2) respectively. 

The software in this unit is quite 
simple: it sends a request packet via 
the upper transceiver and waits for 
a response. Assuming it arrives, it 
then decodes it, displays it on the 
LCD (if fitted) and then after a short 
(500ms) delay, re-transmits it via the 
other transceiver. 

The receiver circuit is shown in 
Fig.3. This is similar to the repeater 
unit but the AUX, MO and M1 pins 
of the E32-TTL-500 transceiver go to 
pins 15 (D9), 16 (D10) and 17 (D11) 
of IC1 and instead of the second 
transceiver, it features a relay with 
coil clamp diode D1 and driving 
transistor Q1, which is controlled 
from pin 23 of IC1 (PCO). 

This relay can be used, for exam- 
ple, to power a siren in case the re- 


REG2 7833 


* EXTERNAL CURRENT-LIMITING RESISTOR 
NOT REQUIRED FOR SOME LCD MODULES: 
CHECK DATA SHEET 
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ceived data is outside the required 
parameters or in case no data has 
been received for a while. 

The software for the receiver unit 
is similarly simple. All it has to dois 
wait for data from the repeater and 
then display it on the LCD. The cur- 
rent version of the software does not 
drive RLY1 but it would be simple to 
add some code to check the received 
data and switch the relay on under 
certain conditions. 

The major components are avail- 
able from the following sources: 

@ SPI 100mW LoRa transceiv- 
ers (transmitter, repeater): www. 
siliconchip.com.au/l/aaae 

@® RS-232 500mW LoRa trans- 
ceivers (repeater, receiver): www. 
siliconchip.com.au/l/aaad 

@ 433MHz high-gain whip an- 
tennas with SMA sockets: www. 


siliconchip.com.au/l/aaaf 
@ matching SMA connectors: www. 


siliconchip.com.au/l/aaag 

@ Arduino Uno clone (all three 
units): various Ali Express and eBay 
sellers. 

@ DS18B20 waterproof digital tem- 
perature sensor (transmitter): www. 


siliconchip.com.au/Shop/7/3359 
@ Ultrasonic distance sensor: www. 


siliconchip.com.au 
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FIG.3: RECEIVER & DISPLAY 


siliconchip.com.au/Shop/7/3338 
The Arduino sketches for this 


project are available for download 
from the SILICON CHIP website (www. 
siliconchip.com.au) in a file named 
Arduino_LoRa_Repeater.zip; free for 
subscribers. 

This includes the Arduino librar- 
ies required to compile the sketches: 
“RadioHead”, “TinyGPS-13”, 


These two circuits expand the 
utility of two different kinds of se- 
rial ports and are primarily intended 
to interface with a microcontroller. 

The first circuit is a one-to-four 
multiplexer for RS-232 logic-level se- 
rial ports, allowing one RS-232 port 
to connect to up to four other ports. 

The second circuit allows an RS- 
485 “master” to communicate with 
slaves arranged along multiple ca- 
bles; in this case, up to six, although 
it could easily be altered to handle 
a different number. 

Starting with the RS-232 multi- 


the problem where you’ve run out 
of hardware serial ports on a micro- 
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Two serial multiplexers 


plexer shown at right; this can solve 


“NewPing_ v1.8”, “OneWire” and 
“DallasTemperature”. Each is 
supplied in a separate ZIP file with- 
in the downloaded ZIP and can be 
installed in the Arduino IDE via the 
Sketch — Include Library — Add 
.ZIP Library menu option. 

Before uploading the software to 
the Arduino, be sure to modify the 
transceiver operating power levels to 


ov 
MICROCOMPUTER 
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controller. It has been used success- 
fully for many years in commercial 
equipment without any problems. 
It’s based around a 74HC4052 CMOS 
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legal levels for your local area. For 
example, in Australia, you would 
add a line like: 
driver.setTxPower(14, true); //set transmitter 
to 14dBm (25mW) maximum 

This would need to be inserted 
in the setup() function for both the 
transmitter and repeater units. 

Somnath Bera, 

Vindhyanagar, India. ($60) 


TXD2 
1000 

RXD2 

TXD3 
1002 

RXD3 

TXD4 
1000. 


t 


4x 
SERIAL PORTS 


dual one-to-four multiplexer, IC1. 
The micro’s TXD and RXD pins 
connect to the multiplier’s X and Y 
continued next page 
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analog common terminals (pins 13 
and 3) while the micro also drives 
the A and B inputs at pins 10 and 9. 
Depending on the state of the A and 
B inputs, the TXD and RXD lines are 
connected to one of XO & YO (A=0, 
B=0), X1 & Y1 (A=1, B=0), X2 & Y2 
(A=0, B=1) or X3 & Y3 (A=1, B=1). 

Since IC1 is an analog multi- 
plexer, signals can travel both from 
the micro’s TXD output, through the 
X terminal and out to the selected 
TXD1-4 line and back from the 
selected RXD1-4 line, through the 
Y terminal and on to the micro’s 
RXD input. 

Each TXD output has a 10kQ pull- 
up resistor to the 5V rail so that it’s 
held high when deselected, to pre- 
vent spurious transmissions (due 
to noise, etc). Each RXD input has 
a 100Q series resistor to limit cur- 
rent from devices which may have 
a wider swing than 0-5V and for 
ESD protection. 

This circuit could be expanded 
to handle more than four devices 
simply by adding more multiplexer 
ICs with the X and Y inputs con- 
nected in parallel and the A and B 
select lines connected to different 
outputs on the microcontroller. Also, 
if you need RS-232 voltage levels for 
communications with other devices, 
add one MAX238 or two MAX232s 
per 74HC4052 IC. 

The second circuit at right 
allows an RS-485 master to inter- 
face with devices on multiple ca- 
bles. Normally, an RS-485 master 
is connected close to the middle of 
a twisted pair cable and multiple 
RS-485 slave units are connected 
at various points along the cable, 
stretching away from the master in 
two directions. 

However, you may have slaves 
running off in several different di- 
rections away from your master (eg, 
in a grid). This circuit allows more 
cables to be run, fanning out to four 
or six strings of slaves, or even more, 
if additional MAX485 ICs are used. 


D1-D3: BAT42A OR 1N5711 x 
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It works as follows. When the TX/ 
RX line is driven high by the micro- 
controller, it can then transmit serial 
data to the TXD input. This connects 
to the DI (data input) pin of the three 
MAX485s (IC1, IC2 & IC3). 

The RE input of each IC is high, 
disabling the RO (receive output) 
pins, while the DE pins (data en- 
able) are also driven high, enabling 
the output drivers. 

Thus, data from the TXD input is 
broadcast to the three differential 
output pairs, D1+/D1-, D2+/D2- and 
D3+/D3- and, presumably, received 
by the addressed slave on one of 
these cables. 

When TX/RX is low, the output 
drivers are disabled (DE low) and 
the receivers are enabled (RE low). 
If data is sent by any slave, the RO 
pin (pin 1) of the corresponding in- 
terface IC is driven low and this then 
pulls the RXD line of the microcon- 
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troller low via one of diodes D1—D3, 
which effectively forms an AND gate 
in combination with the 4.7kQ pull- 
up resistor to the +5V line. 

This assumes that slaves will only 
transmit data upon prompting from 
the master and this will not “talk 
over” each other — an implemen- 
tation detail left up to the reader. 

Each twisted pair cable should 
have a characteristic impedance of 
120Q and be terminated with a 120Q 
resistor at each end. 

Note that there is also a 120Q resis- 
tor across the lines at the transmit- 
ter end, which provides a matching 
source impedance. The 6800 pull- 
up (D+) and pull-down (D-) resis- 
tors should be fitted at the master 
end only, to set a defined state for 
the differential lines when no com- 
munication is occurring. 

George Ramsay, 

Holland Park, Qld. ($80) 


Got an interesting original circuit that you have cleverly devised? We need it and will pay good money to feature it in the 
Circuit Notebook pages. We can pay you by electronic funds transfer, cheque (what are they?) or direct to your PayPal 
account. Or you can use the funds to purchase anything from the SILICON CHIP on-line shop, including PCBs and com- 
ponents, back issues, subscriptions or whatever. Email your circuit and descriptive text to 
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(SPARE OP AMP) 


Improved PICAXE 
Wireless Rain Alarm 


This circuit is a simplified version 
of my PICAXE Wireless Rain Alarm 
which was previously published in 
the Circuit Notebook section of the 
June 2016 issue. It can be used when 
hanging laundry out so that you are 
alerted as soon as it starts to rain and 
can bring it before it gets too wet. 

The previous version used two 
PICAXE14Ms and a 433MHz wire- 
less transmitter and receiver, while 
the new version uses a single PICAX- 
E08M2 and a wireless doorbell. 

The rain sensor consists of a set of 
interleaved tracks on a PCB. The re- 
sistance between the tracks reduces 
considerably when wet, triggering 
the alarm. 

The rain sensor is driven with an 
AC voltage to prevent electrolytic 
corrosion. Rain sensor panels can be 
made of Veroboard or etched onto a 
PCB. The prototype sensor panel is 
55mm square and uses a total of 20 
closely spaced tracks. 

Microcontroller IC1 generates a 
20kHz square wave (AC) signal on 
output pin 5. This is coupled to the 
rain sensor panel via a 1kQ resistor 
and 100nF capacitor. 

The output of the rain sensor pan- 
elis then rectified by D2 and D3, fil- 
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tered by a 100nF capacitor, buffered 
by op amp IC2a and the resulting 
voltage level feeds analog input pin 
6 of IC1. The analog voltage level is 
low (near OV) when the sensor panel 
is dry and several volts when wet. 

The software monitors this analog 
voltage level and triggers an alarm 
when 2V is reached, producing a 
two-second positive pulse on output 
pin 3. At the same time, it pulses 
output pin 7 to flash LED1, which 
also flashes once at power-up. 

Finally, the rate link (LK1) sets a 
delay of either 10 or 30 seconds be- 
tween the alarm calls, allowing for 
each alarm (doorbell) tune to finish 
before the next starts. 

To interface the unit with a wire- 
less doorbell transmitter unit (but- 
ton), use either a reed relay or 4N25 
optocoupler (or equivalent), as 
shown at the bottom of the circuit. 

The input side of either circuit 
fragment is connected across CON1 
and the contacts/collector-emitter 
pins go across the pushbutton switch 
inside the wireless doorbell trans- 
mitter. 

With the reed relay option, the 
polarity of the connection to this 
button is not important whereas the 


` OPTO-COUPLER OPTION 


1N4004 
A K 


optocoupler collector must go to the 
positive side. 

Most wireless doorbells are pow- 
ered by three AA cells and have a 
12V (23A) battery in the pushbutton 
(transmitter) unit. The absence of 
on/off switches means the batteries 
will need yearly replacement. 

The sensor circuit shown here 
is powered by four AA cells and 
includes a power switch (S1) and 
series diode (D1). Switching S1 off 
extends the battery life and disables 
the alarm output signal. Diode D1 
drops the battery voltage to just over 
5V, to suit IC1, and provides reverse 
battery protection. 

The circuit also includes an ICSP 
header to download software into 
microcontroller (IC1), with pin 2 as 
the serial input and pin 7 as serial 
output. 

You will need a PICA XE-compat- 
ible USB cable to upload the “rain_ 
alarm2_08m2.bas” BASIC program, 
which is available from the SILICON 
CHIP website. See www.picaxe.com 
for information on the microcon- 
troller (IC1), including program- 
ming details. 

Ian Robertson, 

Engadine, NSW. ($60) 
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Using OO wi 
ARDUINO 


ATtiny85 @ 
Microcontrolier 


Atmel 


No doubt you have seen heaps of interesting applications for Arduino 
boards. But what if you want to use some of those ideas in a design of 
your own using the Atmel ATtiny85 microcontroller? It actually is quite 
easy and you can use Arduino software. Interested? Lawrence Billson 


takes up the story. 


ideal way to add simple programmable logic to your 

circuits. For example, the ATtiny85: it costs just a 
couple of dollars or so and with only eight pins it is an 
easy way to get started with adding a microcontroller to 
your own design. 

And if you are not a software guru, the chip can be 
programmed using the free Arduino IDE (integrated de- 
velopment environment), making short work of simple 
electronics projects. 

The ATtiny85 chip has five general purpose input-output 
(GPIO) pins. Three of them are capable of reading analog 
voltages while the other two are capable of “analog” output 
— more on that later. 

Other than writing your program to the chip’s built-in 
flash memory, all it really needs is a ground (OV) connection 
and a voltage of +2.7 to +5.5V on its Vec pin (8). 

With a few lines of code, the ATtiny85 can replace 
numerous analog or digital ICs and give your design the 
flexibility of being reprogrammable. 

Although the Arduino IDE allows you to program in C 


Ts ATtiny microcontrollers from Atmel are an 


| [  ATMEGA328 PIN FUNC || 
| DIGITAL PIN | 
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Using Arduino as ICSP Programmer for ATTiny45/85 


(technically C++), knowing the language isn’t critical. With 
the very large “community” built around the platform, 
many applications can be programmed using “cut and 
paste” methods. 

Much of the Arduino code you find on the ‘net will run 
on the ATtiny85 with little or no modification at all. 

On paper, the ATtiny85 specs may seem underwhelming. 
It is an 8-bit micro with 8KB of rewritable flash memory for 
storing and executing your program, 512 bytes of EEPROM 
for storing things like configuration or calibration variables 
from your project and another whopping 512 bytes of RAM. 

But don’t let the meagre sounding specs fool you. 

Using the freeware Arduino IDE, your code (or cut & 
paste effort) is transformed into tight, fast machine language 
using the built-in avr-gcc compiler. 

In times gone past, a compiler for embedded processors 
was difficult to use and cost thousands of dollars — a huge 
barrier to entry. As well as being free, the Arduino software 
hides all of the ‘engine room’ parts like the compiler, chip 
‘fuses’ and linker scripts. 

Although the Arduino IDE is tailored for Arduino (or 


THE We found this diagram on the net* 
a and it shows the various uses for 
ARDUINO each pin on the ATtiny85 (and 
& also the ATtiny45). If you don’t 
ATTiny understand all the abbreviations 
PINOUT DIAGRAM and jargon, don’t worry: it will be 
much easier to understand as you 


start playing with the ATtiny85. 
(*www.instructables.com/id/Using- 
the-Arduino-Uno-to-program- 


ATTINY84-20PU/) 
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clone) boards, with only a few minor tweaks, it’ll program 
your ATtiny chips nicely. 


Development history 


The ATtiny85 is based around Atmel’s AVR architecture. 
This began life as a graduate project by two students from 
the University of Norway in 1996. They were looking 
to build a microcontroller that was based around flash 
memory. 

Using flash memory allows a microcontroller’s code to 
be changed without needing to expose chips to UV light 
or replace external ROMs. 

Another advantage was that a product could be manufac- 
tured with a blank chip and programmed in the factory or 
field. If you pull apart many mass-produced products you 
may well find ICSP (In-Circuit Serial Programming) pads 
or pins on circuit boards for just this purpose. 

Another problem the Norwegian students were attempt- 
ing to solve was that of ‘compiler bloat’. Chips like the Intel 
8051, which was the dominant microcontroller at the time, 
use a complex instruction set (CISC) architecture. 

While lending themselves to being programmed with as- 
sembly language, compiled languages would often become 
bloated as the compiler turned the program into machine 
language. This ‘bloat’ caused two problems: the code would 
become quite large and also quite slow to run. 

As the AVR architecture took shape, the students worked 
closely with the authors of a professional compiler named 
“IAR”. Being developed in parallel, the AVR evolved to 
be very good for running high level compiled languages. 

Classified as a RISC (reduced instruction set computer), 
it allows for most instructions to be executed in a single 
clock cycle and it hasn’t changed much in the last 20 years. 

Knowing that flash memory was a key component in their 
design, the students from Norway knew they would need 
to take their chip design to a company that had experience 
making flash memory. At the time there were two — one 
based in Japan and Atmel in the United States. The Nor- 
wegians decided they spoke better English than Japanese 
and therefore approached Atmel. 

Since their release in 1997, Atmel have sold hundreds 
of millions of AVRs. They are among the most popular 
microcontrollers being used by industry. Earlier this year, 
rival company Microchip (makers of the successful PIC 
microcontrollers) struck a deal to buy Atmel. z 

While the ink on the contracts isn’t yet dry and specula- 
tion is rife, it’s highly likely they’ll keep the AVR line for 
years to come. 


YOUR FIRST ATriny8S PROJECT 


Fig.1: one chip, one LED and one resistor — you can hardly 
go wrong! At right is the layout on a mini breadboard. 
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The ATtiny family is designed to be embedded into 
things. Tear apart a toaster or cordless drill and there’s every 
chance you’ll find one inside. They are available in DIP 
(through-hole) or a variety of surface-mount packages, and 
are equally at home on a breadboard or a mass-produced 
product. 

In an interview on the excellent “embedded.fm” pod- 
cast, Atmel’s Andreas Eieland talks about millions of their 
smaller chips finding their way into home pregnancy test- 
ers, of all things! 

So what can you do with it? Controlling things like step- 
per motors and servos is easy, as is gathering data from 
temperature or humidity sensors. The ATtiny85 shines at 
smaller automation jobs. Instead of a 555 timer or some 
logic gates, I'll often grab an ATtiny85 for the same job. 
As a rule of thumb, if the application has only a couple of 
inputs and outputs, it might be a good choice. 

If your application needs more pins or support for more 
complicated programs, the Micromite or larger AVR chips 
may be a better choice. 


Getting started - what you’ll need 

You will need an AVR-specific ICSP programmer. Usually 
in the form of a USB attached gizmo, the ICSP allows the 
Arduino software on your computer to write its compiled 
program into the memory of your chip. The Freetronics 
unit will do the job well — see below. 

As its name implies, the ICSP allows you to program 
your chip while it’s in circuit. 

But this is not really practical in the case of the ATtiny85 
since most of the I/O pins are used by the ICSP and this 
will limit what you can connect to them. So it’s best to 
program the chip on a breadboard before embedding it 
into your circuit. 

The 6-way connector that’s standard on typical ICSPs 
isn’t particularly breadboard-friendly either. So we will 
make up a simple 6-pin header as an adaptor to connect 
it to a breadboard. 

You'll also need a computer (laptop or desktop) on which 
to write your programs — any PC that runs Windows, Linux 
of Mac OSX will be fine. The Arduino IDE can be freely 
downloaded from arduino.cc. 

Other than that, you’ll need some ATtiny85 chips and 
you're ready to get started. 


Your first ATtiny85 project 


We start with the simple circuit shown in Fig.1. It uses 
four of the ATtiny85’s I/O pins to connect to the ICSP header 
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RESISTOR iep] Arduino. The six-pin socket on the end of the IDE 


Fig.2: here’s the breadboard layout for the Flashing LED 
project overleaf (Fig.1), along with the wiring for a 6-pin 
DIL header for programming. 


socket and one of the remaining I/O pins to drive a LED. 

The first program you will use will simply flash that LED 
and that’s all. But you have to start somewhere. The circuit 
of Fig.1 needs to be made using a small breadboard and 
we have shown the component layout in Fig.2. So get your 
parts and a breadboard together. (See “Using Breadboards” 
immediately following this feature). 

Note that you will need to solder six insulated wires to 
a 6-pin DIL header and that will provide the connection to 
the ICSP programmer. We also show a photo ofthe finished 
breadboard, ready to hook up to the ICSP and your PC. 

Now you need to program the ATtiny85. 

Begin by downloading and installing the latest release of 
the Arduino IDE. Be sure to say yes to installing all of the 
recommended drivers that are included with it. 

The Arduino software comes ready to work with their 
officially branded boards. As we’ll be using it to program 
ATtiny85 chip, we’ll need to include support for it. You’ll 
only need to do this once. 

Once Arduino is installed, open the Preferences 
window and find the section for “Additional Boards 
Manager URLs” — paste in https://raw.githubusercon- 
tent.com/damellis/ATtiny/ide-1.6.x-boards-manager/ 
package_damellis_ATtiny_index.json and click OK. 
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Under the “Tools” menu, select “Board:” , then click on 
“Boards Manager”. Type ATtiny in the search box. Select 
the ATtiny library by David A. Mellis, and click ‘Install’. 
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cable mates with 6-pin ICSP header pin “plug” 
we shown you how to make later. This board then 
plugs into your PC via the micro-USB socket (left 
edge) and enables you to program the ATtiny85. 


(www.freetronics.com/usbasp). 


© Boards Manager x 
Type [All = attiny a 
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More info 
102 ~] 
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| Close | 


From now on, your Arduino IDE will know about the 
ATtiny85 chips and be ready to program them. 

You'll need to tell Arduino about the chip we want to 
program. Under the “Tools” menu, select “Board <Name>” 
and you'll now see ‘ATtiny’ as an option. Select this. You 
must now go back in and give it some more details — in 
this example set: 

Board - ATtiny 
Processor - ATtiny85 
Clock - 8MHz (internal) 
Be sure to select the internal clock. If you accidentally 
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select an external clock your ATtiny85 can’t be programmed 
unless you connect an external crystal. 

Now we need to tell Arduino what type of ICSP we’ll 
be using. For the Freetronics XC4237, select “USBasp”. 

Now you can go to “File”, select “Examples”, “Basics”, 
and open “Blink”. 

The blink program normally tries to blink an LED con- 
nected to pin 13. But your ATtiny85 doesn’t have quite that 
many! We have connected our LED to pin 4 (as in Fig.1), 
so you will need to change all of the references from “13” 
to “4”, 

MISO connects to MISO, MOSI connects to MOSI. Some 
programmers won’t supply any power to the board so you 
may also need to connect up a power supply or batteries. 
Other programmers may have a jumper marked Vour 
which you can short, thus powering your board from the 
ICSP. Check with a multimeter to verify your Vcc line is 
between 2.5 and 5.5V. 

For each new chip, you'll need to set its fuses. This tells 
the chip how to behave before it starts running any programs 
(eg, to use the 8MHz internal oscillator). Click on “Tools” 
then “Burn Bootloader”. Keep an eye out for error messages. 

If all has gone well so far, it’s time to write your code 
to the chip Connect your ICSP programmer to the 6-pin 
header from the breadboard and connect the programmer 
to your PC. 

Holding down shift, click on the green arrow. This will 
compile your code and write it to the chip using the ICSP 
programmer. 

If all has gone well, you’ll have a blinking LED on your 
breadboard. Congratulations. 


LED strobe 

Our next circuit and program is for a simple LED strobe 
light. You have a wide choice of high-brightness LEDs of 
various colours for this job but I chose a Jansjo 2W LED 
lamp from Ikea. It comes with a handy plugpack power 
supply, to provide the LED with 4.5V DC. 

Our ATtiny85 can modulate with an N-channel FET and 
the circuit is shown in Fig.3. Pin 4 of the ATtiny85 drives 
the gate of the Mosfet whereas in the previous circuit it 
just drove a LED via a 470Q current-limiting resistor. The 
software is “Ikea_Strobe.ino”. 
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Se ATtiny8S BASED STROBE LAMP 


Fig.3: instead of flashing a LED directly, the strobe circuit 
drives a Mosfet which in turn drives a more powerful LED. 
VR1 varies the rate of the flashing LED. 
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Love electronics? We sure do! 
Share the joy: give someone an 
Experimenters Kit for Arduino: 


p= 


Includes: 

° 48-page printed project guide 

¢ Arduino compatible board / USB cable 
° Solderless breadboard 


° Sound & Piezo module 

° Light sensor module 

e Micro servo motor 

* Red, green, and RGB LEDs 

e Resistors, transistors, and diodes 
* Buttons and potentiometer 

° a and more! 


Use discount code “SCJAN17” 
for 20% off until March 2017! 


Support the Aussie 
electronics industry. Buy local at 
www. freetronics.com.au 
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Fig.4: breadboard layout (along with a matching photo) for the ATtiny85 
Strobe Lamp. Just remember that all of the north-south holes (in groups of 
5) are connected inside the breadboard; all of the east-west holes are not. 


But before you wire up the strobe circuit on a breadboard, 
as shown in Fig.4, you have to load the strobe software into 
the ATtiny85 using the breadboard layout of Fig.2. 

In fact, we suggest you keep that Fig.2 breadboard as 
your dedicated ATtiny85 programmer. 

Before uploading the strobe code, don’t forget to “burn 
bootloader” to your new chip to set its fuses. Once the fuses 
are set, you can upload your code. 

The strobe software task is divided into “start” and “loop” 
sections. When power is first applied to the micro, the start 
section is executed — this sets pin 0 as an output and pin 
4 as an analog input. 

The loop section is then executed. In this, the micro sets 
pin 0 high (switching on the Mosfet, allowing current to 
pass from the lamp to the power supply). The micro waits 
for 5ms and sets pin 0 low; turning off the lamp. 

The micro then measures the voltage at the potentiome- 


ter wiper. Depending on the position of the potentiometer, 
the value measured will be between 0 and 1023. The micro 
then waits for that same number (ie, between 0 and 1023) 
of milliseconds, allowing the strobe to vary its ‘off time’. 
As soon as this completes, the loop begins anew. 

So having built the strobe breadboard of Fig.4, you can 
plug in your freshly programmed ATTtiny85 chip and you 
are ready to go. 


Audio Thermometer 


This project makes use of the DS18B20 digital thermom- 
eter chip (or probe). Rather than displaying the temperature 
as a number, it plays a tone corresponding to the relative 
temperature it measures. 

The DS18B20 is available in different package types 
— most commonly a TO-92 which looks just like a small 
transistor. It’s also available in a waterproof probe suitable 
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How to make the 6-way ICSP connector 


It’s easy to make a connector for ICSP — all you need is a length 
of 2-way pin header (eg, Altronics P-5410) and carefully remove 
a 3-pin length. The wiring we used came from a length of 4-wire 
discarded telephone cable (yep, we never throw anything out!) 
It has colours of red & black (ideal for power) and blue & white 


Altiny85 pin 8 (VCC) 
ATtiny85 pin 6 (MISO) 
Altiny85 pin 7 (SCK) 
Altiny85 pin 1 (RST) 
Altiny85 pin 4 (GND) 


(for everything else). You could also use female-male jumper 
leads and avoid some soldering. 


(1) Cut off a 3 x 2-way length of 
pin header and solder six wires 
to it. A red wire connects to the 
+ terminal and a black to -; 
other colours can be what you 


have available. to dry. 


(4) Slide some short lengths of white heatshrink over 
each wire towards the plug, and some longer lengths 
of heatshrink over the opposite ends of each wire to 
make them stiffer. With a multimeter, identify which 
pin goes to which wire and write it on the white 
heatshrink. Shrink all heatshrink . . . and it’s finished! 


© 


66 SILICON CHIP 


(2) Apply a glob of hot melt glue (or 
silicone sealant if you don’t have hot 
melt) over the soldered pins and back 
up the wires to keep the wires in 
position when it is being used. Allow 


ATtiny85 pin 5 (MOSI) 


(3) Cover with a length of heatshrink 
tubing, right down onto the glue. This will 
stop it trying to pull apart as it is inserted 
and removed from the socket. 


MOSI 


Ground 


siliconchip.com.au 


S1 POWER 


REG1 7805 


GND 


LF 
ail 


ATtiny8S BASED AUDIO THERMOMETER L Aw ono Gan 


jojo + TO PIEZO 
pamm -= SOUNDER 
47k gamat ooog] 
D gogo a B| B, 
RESISTOR | | eanna Ale = 1uF 
- Thiny85 CAPACITOR 
ó Doo go wie U 
gogmmaomna a 8) (a) (a) 
orgao ouin ) (=) ) Fe 
iG Agum agGiGd (i 
NIM OG" a2 a m 
ggl OUT, N 
© 
REGII! 
IC2 : 7805 
DS18B20 =s 
(FLAT SIDE O z 
UPPERMOST) 


for immersion into liquids up to about 120°C. 

The circuit of the Audio Thermometer is shown in Fig.5 
and the breadboard layout is Fig.6. 

In this case we are using a 9V battery to power the cir- 
cuit and this is reduced to 5V for the ATtiny85 and the 
DS18B20 thermometer. 

The data line from the DS18B20 is fed into the PB3 input, 
pin 3 and also pulled high with a 4.7kQ resistor. 

As with most Arduino programs, the Thermometer code 
is divided into the “Start” and “Loop” sections. An external 
library of functions is also loaded, to communicate with the 
DS18B20 thermometer. We simply tell the library which 
pin it’s connected to, and request a pi aur reading 
whenever we want. 

The “Start” routine runs once as the chip is powered 
on. It initialises the DS18B20 and sets the PB1 pin (6) 
connected to the piezo to be an output. It also sets the pin 
connected to the potentiometer wiper as an analog input 
— this is used to vary the range of the tones. 

The “Loop” function starts by requesting the temperature 
from the DS18B20. It then measures the analog value from 
the potentiometer wiper. The temperature value (reported 
in °C) can go as low as -55°C. As we'll be turning it into a 
frequency, we need to ensure it is a positive number. We 
do this by adding 60. We then multiply this number by the 
value of the pot to derive a frequency in Hertz. 

The tinyTone function is then called to output this 
frequency to the piezo speaker for 600ms before the loop 
restarts. As its name implies, tinyTone is a function that 
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Fig.5 (above): the Thermometer uses 

a DS18B20, small solid-state digital 
thermometer chip, which will feed 

a number sequence to the ATtiny85 
representing the temperature it is sensing. 
The ATtiny85 then generates a tone for 
the piezo sounder corresponding to the 
temperature. 

Fig.6 (left): the breadboard layout for 

the audio thermometer. It’s a little more 
complex so make sure the components and 
wire links, etc, are in the right place. You 
can also refer to the matching photograph 
(below). 


> 


9V BATTERY 


Ss 


BATTERY SNAP 


generates square wave tones. It does this by setting a pin 
high, waiting for a number of microseconds, then setting 
it low before waiting and repeating. 

Want it to tell you the temperature in morse code? Want 
it to play different tones if the temperature is lower than 
35.9° or above 36.7°C (armpit temperature)? With a little 
experimentation, either of these is quite simple. 

As before, you will need to program the ATtiny85 with 
the breadboard of Fig.1 and then transfer it to the bread- 
board layout of Fig.6. 


Next steps 
Looking under the Examples in the file menu, you'll 
see some easy to follow examples. Because the ATtiny85 
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ATtiny85 pin functions 


Digital: All of the I/O pins are capable of digital input 
and output. They can be set either high (VCC) or 
low (OV). They can also read a digital high or low 
as well. 


Analog In: These pins are capable of reading a volt- 
age of between 0 and your VCC voltage, providing 
a 10-bit number: OV reads as “0” while VCC reads 
as “1023”. If you need to measure higher voltages, 
you can use a voltage divider circuit to reduce the 
voltage going into this pin. 


PWM: Pulse Width Modulation (PWM) output 
— these pins can simulate an analog voltage 
output by using PWM. Instead of adjusting 
the voltage, they can send shorter or longer 
pulses, thereby changing the average voltage. 
For applications like motors or lights this works 
well. You can set these pins to an 8-bit value (ie, 
0 to 255). When set to a value of 0, the pin has 
a 0% duty cycle and is equivalent to OV. At 255, 
it has 100% duty cycle and is equivalent to your 
VCC voltage. 


ICSP Pins: Connect your ICSP to these pins to pro- 
gram your chip. MISO and MOSI stand for ‘master 
in, slave out’ and ‘master out, slave in’ respectively. 
SCK is the ‘chip select’ that tells the chip the pro- 
grammer is talking to it. 


Reset: This is normally held high (ie, at 5V or whatever 
VCC is) by the chip. When pulled briefly to ground, 
the chip resets and starts running its program again. 


ye | Vcc (+2.5 to +5.5V) 


Digital 3, Analog in3| __ 7} vA _| Digital 2, Analog in 1, SCK 


Digital 4, Analog in 2[ f=} (341 | Digital 1, PWM 1, MISO 


Ground |___ fata [|_| Digital 0, PWM 0, MOSI 


PINS ON THE ATTiny85 
fe) Dot to mark pin 1 
MISO vcc 
SCK MOSI 


Reset Ground 


ICSP PINOUTS 
(Top view, looking at 
a programmer) 

You'll note the pin numbers in software don’t cor- 
respond with the physical pin numbers of the chip. 
This diagram will help translate between the software 
world and the real world. 
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Parts you will need 


First of all, you need the Freetronics ICSP Programmer for 
Arduino which you can buy on Freetronics’ website 
(www. freetronics.com.au) for $22.00 plus shipping 

See www. freetronics.com.au/blogs/news/8607215_ 
It comes with a ribbon header cable (6-pin to 6-pin) and a 
short USB cable (type A to micro-B). And they’ll throw in a 
mini protoboard for only $2.00 more — just what you need! 

By the way, Freetronics also provide a PDF guide to using their 
Programmer, which readers may wish to use in conjunction 
with the description provided above. 


Other main parts (Not a complete list... These components 
will allow you to build any one of the projects here but some 
components are common to all three). 


Atmel ATtiny85 microcontroller (Altronics Z-5105) 

DS18B20 digital thermometer chip (Altronics Z-7280) 

IRF540N N-channel Mosfet (Altronics Z-1537; Jaycar 

212466) 

7805 5V regulator (Altronics Z-0505; Jaycar ZV1505) 

red LED (Altronics Z-0700; Jaycar ZD0150) 

Jansjo 2W LED lamp and 4.5V DC plugpack from Ikea 

1uF 10V electrolytic capacitor 

100nF polyester capacitor 

470Q resistor 

1kQ resistor 

4.7kQ resistor 

1 10kQ potentiometer 

1 x 2 pin DIN plug (Jaycar PP0300) 

1 x 2 pin DIN socket (Jaycar PS0340) 

1x8 pin IC Socket (Jaycar P16452) 

6 300mm lengths single-core copper or tinned copper wire 
(“bell wire”) 

1 2x3-way DIL pin header (may to be cut down from larger — 
eg 2x10-way 

(If not obtained above from Freetronics): 1 small breadboard 

(protoboard) (Altronics P-1020; Jaycar PB8817) 


1 
1 
1 
1 
1 
1 
1 
1 


You can download the code (programs) required from 


www. siliconchip.com.au/ 


doesn’t have many pins or built in peripherals (like SPI 
or IC), some of those programs won’t work but they can 
still give you many examples to copy to your code from. 

Now is a good time to take a look at the Arduino commu- 
nity for other sources of inspiration and problem solving. 

If you’re having a problem with something, it’s almost 
certain that youre not the first person to come across it and 
someone else will probably have solved it. 


References: 
www.atmel.com/images/doc0943.pdf 

— shows how to use ICSP with other things connected 
to the pins. Embedded.fm episode 15 

http://embedded.fm/www.instructables.com/id/Using-the- 
Arduino-Uno-to-program-ATTINY84-20PU/ 

— not the exact chip we’re using here but gives a lot 
more information about programming the ATtiny series 
using Arduino. se 
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If you’re into electronics, you probably 
know - and use - breadboards. But if 


you’re new to the game, these handy 
devices will make it a lot simpler! 
Here’s a brief introduction. 


Using 


Breadboards 


onto PCBs, or Printed Circuit Boards. But for ex- 
perimentation, circuit development and “proof of 
concept” (ie, does it work!), nothing beats a solder-less 
breadboard (sometimes called a prototyping board). 
Every hobbyist and even professionals should have one or 
more of these in their arsenal! They’re available in various 
sizes, depending on your particular applications. 
However, it may be that you have never used one of 
these before so a few words of explanation now might save 
a few tears later! 


What are they? 


They’re simply a way of mounting and connecting com- 
ponents, thus making it easier to work out what you're doing 
and at the same time, minimise the chances of components 
or connecting leads shorting to each other (with possible 
catastrophic results!). 

The one thing they all have in common is rows and 
columns of holes, into which you can poke component 
leads. Depending on which holes you choose/use, they 
may connect to other components. The rest will require 
connecting leads, also known as jumpers leads (no, not 
the ones you use to get a car started!). 

Some breadboards are supplied “as is”; others may have 
additional circuitry alongside to mate with a particular 
platform (such as Arduino). 


T days, 99% of electronics projects are soldered 


Size 

Breadboards are available in a range of sizes from the mini 
(about 40mm x 87mm and with 17 x 10 holes for a total 
of 170) right through to 157 x 273mm monsters with 2309 
holes; some (like the photo shown opposite) are mounted 
on a backing plate which may have rubber feet plus provi- 
sion for power, earth, etc via binding posts. 

Some, like the mini type, are designed to clip into each 
other if you need a larger board. Others (especially the larger 
ones), are the opposite — they’re designed to have their 
segments separated so the configuration can be changed. 

And there are also variations in the board design — most 
feature a very obvious gap (or more than one) across the 
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by 
Ross Tester 


Cat PB8817, 
$4.95 each. 


middle — suitable for mounting ICs etc. And it probably 
shouldn’t surprise you to find that the spacing between the 
holes is 0.1 inch, the same as the pin spacing on ICs and 
many other components. 


The holes 


One thing that is universal to all breadboards is that under 
every hole is a pair of (usually) sprung brass connectors, 
so that any component or wire poked into that hole will 
connect to it. 

Most “typical” wire component leads will fit into the 
breadboard holes; some larger components or components 
without wire leads will need to be connected by wires 
soldered to the component. 


Hole identification 

Another thing is almost universal: along all the edges 
are a series of numbers and letters, so you can identify a 
particular hole by reading the two values. These are often 
moulded into the plastic which makes them rather difficult 
to see, but they are there if you look closely! 


9 10 11 12 13 
a)(a) (m) (m) (m 


13 1 
SPACING OF ALL HOLES 0.1” 

A typical mini breadboard (see top of page) showing the 
relationship between the holes. The connection between 
each of the five holes in each set is inside the breadboard. 
Larger breadboards follow a similar number/letter scheme 
but are often divisible to allow easier configuration of 
circuit elements. If you’re buying a new breadboard, you’d 
be better off buying a larger one than a small one. 


EACH SET OF 5 NUMBERED HOLES CONNECTED 
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This kit of handy insulated jumper leads is specifically 
made for breadboard use. 70 pieces in various lengths and 
colours are supplied with ends bared and bent at 90°. It’s 
available from Jaycar Electronics for $13.50 (Cat PB8850). 
Altronics have a similar, though larger kit (350 pieces) for 
$32.50 (Cat P-1018). 


For example, on the mini board shown above hole C9 
would be on the third row up from the bottom and right 
in the middle horizontally. 

On larger boards, the numbers are usually printed and 
easier to see (see opposite). 


Columns of numbered holes are connected 


Invariably, there are many columns of five holes, “num- 
bered” for identification. Each of these five holes are con- 
nected to each other. So any component lead (or connecting 
wire) placed in these holes will be connected to other holes 
in the same row. 

Larger breadboards have multiple groups of five holes 


But rows of lettered holes are not! 


In most cases, rows of “lettered” holes (eg, ABCD, etc) are 
NOT connected together, so you can mount a multi-leg com- 
ponent and connect it with jumpers, as explained below. 


Bus bars 


The exception to this is where is a line is printed on the 
board adjacent to the holes, especially (but not always) 
along the edges of the board (see above right). 

It’s normally red (for +) and blue (for —) and is to allow 
one or more convenient supplies or earth lines. Because 
there are usually multiple connections to power and earth, 
it’s more convenient to have these “bus bars” run right along 
the edges — and sometimes down the middle and on top, 
as the Altronics deluxe breadboard shows. 


Connecting wires or “jumpers” 


Connections between components are made with “jump- 
ers”. Where two close holes are to be connected, an ap- 
propriate length of component lead offcut is often used. 
However, this does not allow the jumpers to cross over each 
other unless at least one of the wires has insulation on it. 

For longer cross-board connections, many breadboard 
kits are supplied with insulated jumpers for this purpose. If 
you run out, or if you don’t have any with your breadboard, 
lengths of sturdy, insulated, single copper or tinned copper 
wire are used. This is sometimes known as bell wire — or 
can be cut from older 4-wire (single strand) cables of the 
type used for phone or alarm wiring. 

Once the four colour-coded wires are stripped from the 
outer sheath, they’re each cut to appropriate lengths and 
about 5-10mm of insulation is removed from each end. 

Note that multi-strand wire is not very successful because 
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A deluxe 2309-hole 

breadboard mounted on a metal plate, 
complete with four terminals. Note the numbered columns 
and lettered rows plus the ten supply rail rows, marked 
by red and blue lines. Available from Altronics (Cat 
PP1015A; $47.95) www.altronics.com.au. 


the strands tend to bend and separate as they’re pushed 
into the holes. If you must use a multi-strand wire, lightly 
tinning the ends may help. 


Low voltage only! 


Note that breadboards can only be used with low-voltage 
circuits (say up to about 50V). Over this voltage they re- 
ally aren’t safe when there is so much exposed component 
wiring about. Maximum current would be 200mA or so. 


And now for today’s trivia! 


Why are they called breadboards? 

Way back in the “olden days”, decades before the luxury 
of prototyping boards, experimenters used to assemble 
circuits with point-to-point wiring. The problem was, the 
components moved about, so they need a firm base onto 
which they could fasten things like valve holders; some- 
thing they could screw into. 

For this, a relatively large piece of softwood was the go 
. . . and where was the ideal candidate? 

Of course! In the kitchen - Mum’s breadboard! (But only 
if you could get away with it). 

Much, much later a very clever bloke named Dick Smith 
used a very similar approach for the original “Fun Way 
into Electronics” projects. Except he advised constructors 
not to pinch mum’s breadboard but use small scraps of 
timber instead! se 
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PRODUCT SHOWCASE 


- Heavy duty Li-ion-powered soldering iron from ARI 


Many’s the time a tradie wishes for 
a powerful soldering iron away from 
power sources. Until now, that’s usu- 
ally meant a butane gas-powered iron 

.. which runs out of gas at precisely 
the worst possible moment. 

Now there is a powerful alternative, 
a tradesman-quality iron powered by 
a Lithium-ion battery. 

Master Instruments is partnering 
with Aussie Rechargeable Irons (ARI) 
to market this innovative rechargeable 
battery powered cordless soldering 
iron. They are designed and built in 
Australia for tradies by tradies. 

ARI have taken the old butane gas- 
powered soldering irons into the 21st 
century. No gas means no fuel, no 


aluminium body means it can handle 
the rough stuff that tradies inflict on 
their tools. 

With a copper-core element, the iron 
is ready to solder in less than seven 
seconds from turn-on. And the iron 
is hot enough to solder 10-gauge wire. 

Using the best Japanese made Lith- 
ium-ion cells currently available and 
featuring integrated PCM protection, 
ARI’s cordless soldering irons are high 
powered, fast heating and long lasting 
with up to one month’s average use 
per charge. A range of interchangeable 
tips is available to suit all soldering 
applications. 

And when it’s time to recharge, that 


flame, no combustion and no leaks. 
And they can be used in a windy en- 
vironment which could “snuff out” 
gas irons. 

A rugged 6061-grade powder-coated 


New MCUs from 
Microchip feature CIP S 


Microchip Technology Inc has released a new generation 
of 8-bit tinyAVR MCUs, the first tinyAVR microcontrollers 
to feature Core Independent Peripherals (CIPs). The new 
devices will be supported by START, an innovative online 
tool for intuitive, graphical configuration of embedded 
software projects. 

The new ATtiny817/816/814/417 devices feature a low 
pin count and feature-rich packaging with 4KB or 8KB of 
Flash memory, a CIP called Peripheral Touch Controller 
(PTC), Event System for peripheral co-operation; custom 
programmable logic blocks; self-programming for firm- 
ware upgrades; non-volatile data storage; 20MHz internal 
oscillator; high-speed serial communication with USART; 
operating voltages ranging from 1.8V to 5.5V; 10-bit ADC 
with internal voltage references; and sleep currents at less 
than 100nA in power down mode with SRAM retention. 

CIPs allow the peripherals to operate independently 
of the core, including serial communication and analog 
peripherals. Together with the Event System, that allows 
peripherals to communicate veieout naing the ad ap- 
plications can be opti- [fap ] 
mised at a system level. 
This lowers power con- 
sumption and increases 
throughput and system 
reliability. 
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will only take 2-3 hours. 


DRONE VOLT’S DV WING: 
for agriculture and mapping 


DRONE VOLT, the French professional drone manufac- 
turer is launching the “DV WING”, a flying wing drone 
dedicated to precision agriculture and construction work. 

DV WING is equipped with an 18.2MP sensor and uses 
algorithms enabling it to obtain aerial imagery and accurate 
data for missions such as photogrammetry, map analysis 
for farming areas and forests and measurements for rôad 
construction. 

The data it collects can be used by farmers to establish 
accurate diagnostics for the treatment of crops and the 
management of pesticide use. The DV WING can also be 
used by quarry and mining operators to measure volumes. 

Compact and very light at just 940 grams, the DV WING 
is easy to use and can be launched by hand. 

It has enough battery capacity for autonomous flight 
times of 85 minutes and the onboard sensor is capable of 
capturing very high resolution images. It is capable of gen- 
erating highly accurate 

ortho-photos. se 


Website: www. dronevı 
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‘Compute 
ice Modules 


Want to connect a microcontroller to your PC? How about interfacing 
with a microSD memory card? These low-cost modules make life 
really easy! Jim Rowe shows you how. 


T FIRST MODULE we’re looking 
at this month has been used in a 
number of SILICON CHIP’s recent pro- 
jects. It’s a serial USB-UART (univer- 
sal asynchronous receiver/transmitter) 
bridge which allows just about any 
microcomputer or peripheral mod- 
ule to exchange data with a PC, viaa 
standard USB port. 

Let’s start by explaining what is 
meant by the rather clumsy term “se- 
rial USB-UART bridge”. Firstly, a 
UART is an interface which can oper- 
ate in one of several different common 
serial protocols. The serial protocol 
we’re most interested in (and which 
is most widely used) is 3.3V "TTL" RS- 
232. The term “bridge” simply refers 
to the fact that this module allows data 
to pass between the USB interface and 
UART interface unchanged. 

In fact, we’ve already described a 
device with essentially the same pur- 
pose, the Microchip MCP2200 “pro- 
tocol converter” used in the USB/ 
RS-232C serial interface which was 
published in the April 2014 issue. 

Another very similar device is the 
FT232 chip from the British firm 
FTDI, which was used in the Elexol 
USBMOD3 USB interface module in 
the USB Electrocardiograph project 
(SILICON CHIP, February 2005). 

Note that for a UART to provide a 
fully compatible RS-232 serial port, 
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as used in many now obsolete PCs, 
it’s necessary to provide level shifting 
from the UART’s 3.3V (TTL) signal- 
ling levels to the RS-232 bipolar logic 
levels of +3-15V. 

But these days, RS-232 is commonly 
used for short-range communications 
between microcontrollers and bridges 
and in this case, the TTL signal levels 
are all you really need. 

The first serial USB-UART bridge 
modules to become popular were 
based around FTDI’s improved 
FT232R converter chips. However, 
these chips became so popular that 
some Asian firms made “clones” of 
them, even going so far as copying the 
package markings. 

Understandably, this upset FTDI and 
as a result they released a new version 
of their Windows VCP driver which 
was able to identify when a clone chip 
was being used and disable it. This 
“clone killer” driver was included in 
an automatic update that Microsoft un- 
wittingly provided to Windows users. 

As a result, thousands of people 
found that their low-cost USB-UART 
converter modules, some inside com- 
mercial products, suddenly stopped 
working and became worthless. Natu- 
rally, this made many people cautious 
of buying any converter based on the 
FTDIFT232R chip, because of the diffi- 
culty in ensuring that you are buying a 


genuine FTDI chip rather than aclone 
chip that would stop working as soon 
as you tried to use it with Windows. 
As a result of this, CP2102-based 
USB-UART bridges have become very 
popular. These are not only less expen- 
sive than FT232-based modules but are 
(currently) free from such driver issues. 
A good example of this type of mod- 
ule is the tiny one shown in the photo 
below. This same module has been 
used in quite a few of our recent pro- 
jects, such as the Micromite LCD Back- 
Pack (SILICON CHIP, February 2016) and 
Touchscreen Appliance Energy Meter 


A CP2102 module, measuring only 20 
x 16mm. Two of the indicator LEDs 
glow when data is being transmitted. 
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Fig.1: complete circuit diagram for the CP2102-based serial USB-UART bridge. 
The CP2102 can be powered directly from the USB Vpys line and it contains a 
low drop-out voltage regulator to provide 3.3-3.45V (Vpp) from 4-5.25V (REGIN). 


(SILICON CHIP, August-October 2016). 
In fact, it can be used with virtually 
any Maximite or Micromite, to pro- 
gram the micro as well as debug the 
software or load data into or out ofthe 
micro’s RAM. 


The CP2102-based bridge 


As you can see from the photo and 
circuit diagram Fig.1, there’s very little 
in this module apart from the CP2102 
chip itself (IC1), three indicator LEDs 
and half a dozen passive components. 

The internals of IC1’s tiny (5 x 5mm) 
28-pin QFN SMD package are shown 
in the internal block diagram, Fig.2. 
It’s conceptually quite simple but in- 
volves tens of thousands of logic gates 
and memory cells as well as carefully- 
designed analog circuitry. 

The main functional blocks are the 
USB transceiver at lower left, the USB 
function controller at lower centre and 
the UART block at lower right with its 
full range of data and handshaking in- 
puts and outputs. Notice that there’s 
also an internal 1024-byte EEPROM 
used to store the USB ID information: 
the vendor ID, the product ID, the se- 
rial number, the power descriptor, the 
release number and product descrip- 
tion strings. 

In addition, there are two RAM buff- 
ers, one 640 byte USB transmit buffer 
and one 576 byte USB receive buffer. 

Since the CP2102 has a calibrated 
48MHz oscillator, it needs no exter- 
nal crystal to operate at the USB 2.0 
full-speed rate of 12Mbps. Finally, it 
contains its own low drop-out (LDO) 
voltage regulator, to give an output 
of 3.3-3.45V from an input (REGIN) 
within the range 4.0-5.25V. This means 
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that it can be powered directly from 
the USB Vgys line. 


Circuit details 

While this regulator can supply up 
to 100mA, the circuitry within the chip 
itself draws only a little over 26mA 
(maximum) even in normal operation 
and only 100uA when suspended. 
This means it can supply up to 70mA 
or so for external circuitry needing a 
3.3V supply. 

In short, the CP2102 is a very im- 
pressive chip. Now turn your attention 
back to the module’s circuit of Fig.1. 
There’s a micro-USB socket at the 
left (CON1) to connect to a PC’s USB 
port via a standard cable and also to 
power the module itself. So the Vays 
line from pin 1 of the socket connects 
to pins 7, 8 and 9 of the CP2102, with 
10uF and 100nF bypass capacitors. 

Note that the module does not pro- 
vide connections to any of the CP2102 
UART’s handshaking lines, except for 
DTR (“data terminal ready”). However 


REGIN 


VOLTAGE 
Ee REGULATOR p 


640B 576B 
wen | ee | 
BUFFER | BUFFER 


this is unlikely to pose a problem for 
most applications nowadays, since 
even the DTR line is rarely used. 

On the right-hand side there’s a 
6-way pin header (CON2) for the 
UART input, output and handshaking 
(DTR) connections, plus the ground, 
+5V and +3.3V power connections for 
use by external circuitry. There’s also 
a 100nF bypass capacitor on the +3.3V 
line, plus three small indicator LEDs, 
each with its own series resistor for 
current limiting. 

LED1 is driven from pin 11 of the 
CP2102, the SUSPEND-bar output, so 
it only glows when the device is not 
suspended by the host PC, ie, when it’s 
communicating with the PC normally 
via USB. On the other hand, LED2 
and LED3 are connected between the 
+3.3V supply (pin 6) and pins 26 (TXD) 
and 25 (RXD) respectively, to indicate 
when data is being sent and received 
via the bridge. 

LED1 draws a little over 1mA when 
it’s operating while LED2 and LED3 
will each draw about 5mA. Thus the 
LEDs could draw up to 11mA from the 
3.3V supply (with full duplex serial 
communications, allowing LED2 and 
LED3 to light simultaneously) and this 
should be taken into account when fig- 
uring out how much reserve current is 
available for external circuitry. 


How to use it 


Using the CP2102 based USB-UART 
bridge module is very straightforward. 
But before you can do so, you may 
need to install a virtual COM port 
(VCP) driver on your PC. This is the 
software which takes care of buffer- 
ing data to and from the bridge and 
setting up the UART. In Windows, it 
makes the UART appear as if it were 
a legacy COM port. 


Fig.2: block diagram for 
the CP2102. This UART 
interface implements all 
RS-232 signals, including 
those for control and 
handshaking, although 
an external level shifter is 
required for full RS-232 
compatibility. 
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Fig.3: full circuit of the SPI/microSD adaptor module. REG1 reduces the 5V 
(Vcc) input supply from the host module to 3.3V, as required by microSD cards 
while IC1 similarly reduces signal levels from the micro (which may run off 5V) 
to the 3.3V signal levels used by the SD card's I/Os. 


You can get the right VCP driver 
from the Silicon Labs website: www. 


silabs.com/products/interface/Pages/ 


interface-software.aspx 
You can also download the latest 


version of the CP2102 data sheet from: 


www.silabs.com/support/Pages/docu- 


ment-library.aspx 
When you go there you’ll find they 


can provide VCP drivers for not only 
Windows 7-10, but also for Windows 
2000/XP/Vista/Server 2003, WinCE, 
Mac OS 9 and X, Linux (3.x.x and 
2.6.x) and Android. They can also pro- 
vide drivers for direct “USB-Xpress” 
interfacing to the PC, as an alternative 
to using the VCP approach. 

Note that most modern operating 
systems, including Windows 10 and 
the latest versions of Mac OS X and 
Linux, should already have a suitable 
VCP driver installed. In this case, all 
you need to do is plug the bridge into 
a USB port and check that it has been 
recognised (eg, in Windows, check that 
a new COM port appears). 

Once the driver is installed and 
working, you can set up your applica- 
tions to communicate with the module 
via the new COM port. That includes 
setting the correct baud rate and other 
options. 

Of course, your circuitry on the 
UART side of the module needs to be 
connected to the appropriate pins on 
header CON2. These will usually be 
just the RXI, TXO and GND pins, al- 
though you might also want to make 
use of one of the power supply pins 
as well. 
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If you aren’t sure whether the bridge 
is working properly, the simplest way 
to test it is to wire up the RXI pin to 
the TXO pin. You can then open a ter- 
minal emulator, connect to that port 
and type on your keyboard. The typed 
characters should be sent back to you 
and appear in the terminal. If that 
works, but you still can’t communicate 
with your target device, check that the 
connections to its TX/RX pins are not 
swapped and also that you have set the 
right baud rate. 


microSD card interface 


There are many different adaptors 
for accessing an SD memory card 
from a microcontroller or embedded 
module but they generally function 
in the same manner. The main differ- 
ences are in terms of the card socket 
they provide and the chip(s) they use 
for interfacing. 

The full circuit for this module 
is shown in Fig.3. Note that all SD 
cards can communicate via either 
serial peripheral interface (SPI) or a 
faster method, which consists of ei- 
ther a 4-bit parallel bus (older cards) 
or a high-speed differential interface 
(UHS-compatible cards). The SPI 
method is by far the simplest to imple- 
ment with a microcontroller, unless it 
has a built-in SD card interface. 

The other important thing to note is 
that all SD memory cards are intended 
to run from a 3.3V power supply and 
expect logic signals no higher than 
+3.3V. Some cards can only accept 
signals swinging over a smaller range, 


Fig.4: internal block diagram of the 

SN74LV125A IC. When an OE input is 
pulled high, the corresponding output 
is disabled and has a high impedance. 


like 0-1.8V (UHS-I) or 0-0.4V (UHS-I]). 

Just because a chip has an SPI in- 
terface doesn’t mean it can necessarily 
interface directly with an SD card. If 
the micro operates from a 5V supply, 
its SPI port(s) may well provide and 
expect logic high signals above +3.3V. 
This means that the adaptor is needed 
both to drop the supply voltage down 
to 3.3V (assuming a suitable rail is not 
already available elsewhere) and also 
to act as a logic level translator for the 
SPI signals. 

The module shown here incorpo- 
rates LDO regulator REG1 to drop the 
+5V supply voltage from the micro 
(via J2) down to the +3.3V needed by 
both the microSD card at J1, and the 
single chip (IC1) on the module itself. 

IC1 is an SN74LV125A tri-state buff- 
er, to interface between the 5V logic 
levels (TTL) used on the micro side 
(via J2) and the low-voltage (0-3.3V) 
logic levels used on the SD card side 
(via J1). IC1 operates as a quad non- 
inverting buffer with tri-state outputs, 
ie, each output has its own OE (out- 


This microSD module on a 43 x 24mm 
PCB is available from the SILICON CHIP 


online shop at: www.siliconchip.com. 
au/Shop/7/4019 i 
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put enable low) input; see the internal 
block diagram of Fig.4. The OE inputs 
are not used, they are all tied to ground 
to enable the buffers permanently. 

If you trace the signal paths through 
the circuit, you’ll see that the three 
outgoing signal lines from the micro’s 
SPI port at J2 (CS [card select], SCK 
[serial clock] and MOSI [data; mas- 
ter out, slave in]) each pass through a 
3.3kQ isolating resistor (to reduce ring- 
ing and provide some static electricity 
protection) and then through one of the 
buffers in IC1 to reach the correspond- 
ing pin on SD card socket J1. 

For example, the 5V MOSI signal en- 
ters via J2, passes through its 3.3kQ re- 
sistor and then goes to buffer input 1A 
(pin 2). The low-voltage logic version 
ofthis signal then emerges from the 1Y 
output (pin 3) and runs to the MOSI 
pin of J1, the microSD card socket. 

The SCK and CS signals are pro- 
cessed via IC1 buffers 2 and 3 in the 
same way. The path followed by the 
MISO (data; master in, slave out) sig- 
nal is similar, the only difference being 
that in this case the signal is travelling 
from the microSD card at J1 back to the 
micro at J2. Note though that the circuit 


does not level-shift this signal to 5V, 
so the micro will have to cope with a 
data input signal that only swings up 
to around 3.3V; most 5V micros are 
capable of this. 

So the hardware side of the module 
is quite simple. Having said that, the 
SD card control protocol is quite com- 
plicated and so the software required 
to drive it is far from trivial. 


Putting it to use 


Since the module simply provides 
a transparent bridge linking the mi- 
croSD card to the SPI port of your mi- 
crocomputer, the software or firmware 
in the micro can exchange data with 
the card using the standard SPI com- 
mands. So with an Arduino, you can 
use commands like: 


SPI.beginTransaction(SPISettings()); 
receivedVal = SPI.transfer(val); 
SPI.end(); 


There’s also an Arduino code li- 
brary built into recent versions of 
the Arduino IDE, designed especially 
for reading from and writing to SD 
cards. It offers commands like begin(), 
mkdir(), open(), remove(), rmdir(), 


available(), close(), write() and read(). 
With a Micromite it’s also fairly 
straightforward, using commands like: 


SPI OPEN speed, mode, bits 
received_data = SPI(data_to_send) 
SPI CLOSE 


However, the Micromite Plus has 
built-in library commands specifically 
intended for reading and writing to 
SD cards; see the article on Micromite 
programming on page 58. 


Useful links 


Information on using standard SPI 
commands with an Arduino, includ- 
ing some short examples, can be found 
at: www.arduino.cc/en/Reference/SD 

Details on using SPI communica- 
tions with a Micromite begin on page 
92 of the Micromite manual: http:// 
geoffg.net/Downloads/Micromite/ 
Micromite%20Manual.pdf 

An article on the SPI bus is avail- 
able at: http://en.wikipedia.org/wiki/ 
Serial_Peripheral_Interface_Bus 


Wikipedia also has a very informa- 
tive article on the many kinds of SD 


cards, at: http://en.wikipedia.org/wiki/ 
Secure_Digital SC 


COM Port: PC communications port, normally sending and receiving data using the RS-232 serial protocol. 

CS (Card/Chip Select): used in an SPI bus to indicate when the master wants to communicate with a slave (pulled low). 

DTR (Data Terminal Ready): a "flow control" signal which is used to indicate when the serial port is ready to receive data. 
Other, related flow-control signals include DSR (Data Set Ready), CTS (Clear To Send) and RTS (Ready To Send). 

EEPROM (Electrically Eraseable, Programmable Read-Only Memory): non-volatile memory that can be erased and rewritten 
by applying a higher voltage than is used to read data back. EEPROM is normally more robust than flash. 

LDO (low drop-out [regulator]): a regulator which can maintain regulation with less than 2V between its input and output. 

Micromite: a Microchip PIC32 programmed with the MMBasic interpreter. 

MISO (master in, slave out): the serial data line used to transmit data from the selected slave to the master in an SPI bus. 

MOSI (master out, slave in): the serial data line used to transmit data from the master to the selected slave in an SPI bus. 

QFN (Quad Flat No-lead): a standard series of surface-mount integrated circuit packages. As the name suggests, it is attached 
to a PCB without through-holes via lands (pads) on the bottom and sides of the package (ie, without leads). 

RS-232 or EIA-232: one of the most common standards for serial communications. Used by the serial ports on older PCs. 
Uses one wire for self-clocked data in each direction plus optionally, several flow control signals. 

RX or RXD: serial data receive line. Normally connected to TX or TXD on the other device. 

Serial Communication: the process of transferring data one bit at a time over a communication channel or bus. 

SCK (Serial Clock): the shared clock line in an SPI bus, driven by the master, typically up to 20MHz. 

SD (Secure Digital): a non-volatile portable storage device utilising flash memory. Successor to MMC (MultiMedia Card). 

SPI (Serial Peripherial Interface): a standard serial interface bus, commonly used between a microcontroller and peripherals 
such as SD cards. Unlike RS-232, SPI has a separate clock line, ie, three wires for bidirectional communications. 

TTL (Transistor-Transistor Logic): refers to digital signals with a 5V or (later) 3.3V amplitude, as used in early digital circuits. 

TX or TXD: data transmission line. Normally connected to RX or RXD on the other device. 

UART (Universal Asynchronous Receiver/Transmitter): circuitry which handles sending and receiving of serial data using 
one of several different serial protocols or variations thereof. 

USB (Universal Serial Bus): high speed serial bus with power (initially using four conductors) which replaced RS-232 and 
parallel ports for interfacing a PC to pluggable peripherals; from 1.5Mbps up to 5Gbps in the latest version. 

UHS (Ultra High Speed): transfer speed for the latest SD cards; up to 104MB/s for UHS-I, and 312MB/s for UHS-II. 

VCP (Virtual COM Port): a device driver that emulates an RS-232 serial port over a different protocol such as USB. 
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New Gear’ Powerhouse? 
= mams USB Car Jumpstarter E 


Includes jumper leads, charger 


& 2-in-1 Floodlight & carry case! 

S 9437 HUGE SAVING! 300 cranking amps from a unit small enough to fit into your glovebox! 

Plus, it doubles as an LED flood light and high output narrow beam 
torch for close up inspection under the bonnet! USB output can even 


$205 SETHE top up your phone. Suits 12V vehicles only. 


SAVE $20 ——— ECE 


25 
$145 


í Z Analog Lab Power Supplies M 8263 9-15V 30A | NEW: | 


bisaan 


H 8232 Dual 


Clamps easily 


These compact, fan cooled, switchmode power 
FULL Hp $199 
i \ supplies deliver up to a huge 30A regulated to areas 
| zle) ` output, adjustable between 9 and 15V. Plus $119 H 8230 Single or table 
are fixed 13.8V setting. Low noise design. 85% ` 
efficient. 155x70x205mm. M 8261 9-15V 20A Desktop Monitor Mounts 
o) A Single or dual models with springloaded 
A as strut arms and USB ports in the base 
as iii = DES epee conr ings your PC 
1080p Vehicle Event Recorder = Res Suits monitors up to 30”, utilising VESA 
This high spec recorder captures every minute C Se 75 & 100mm. Max 9kg. 
you're driving in full 1080p HD, plus motion aA A = SIT 
detect and parking monitor modes allow me 
footage recording even when you're not driving! $65 
Features: * 2.7” LCD screen * Selectable white 2x HDMI Splitter Great for new MacBooks 
balance, exposure, dynamic range, resolution, Allows you to view one HDMI h P 
audio recording. * Optional second 720p camera source to two monitors. Works with Skinny HDMI Leads 
(S 9438 $54.95). * Optional GPS for Google 4K/2K displays. Includes plugpack. Latest spec, metal plugs, 
maps integration (S 9439 $44.95). 3.6mm sheath. HDMI certified. 
í Sos Model Length 
= USE Mains Chargers R USB 3.1 Type C HDMI & Ethernet Hub. 
Gs z 1A for phones or 2.1A for P 7400 0.5m 


tablets. Fully approved! 5 Connects to the latest USB type C devices to provide connection 
nee ae og P 7401 1m for USB 3.0 peripherals, HDMI devices and wired ethernet. Output 


: 7 l $ NEW! NEW! P Aa resolutions up to 4K. Easy in-line connection. 
Ce 
ma %® M 8862 2.1A 


3 Socket Extension Leads 
No power board required! Great for 
tradies or even around the office. 
P 8467 is orange heavy duty model. 


Model Length B\CIinEING nE z 4 


M 8861 1.0A 


S 8742A 


psaso 3m BRA 3WayHpomi A 30878 __ NEW! 

bee $1455 | on a RE M 8630 See Inside Walls, Pipes & Conduit 

P 8462 |5325 for connecting up to 3 HDMI sources Huge ah Ideal for use with ae bits ips, anspecton aoe Q Cia rek montanea 
paso7 25m BEZE ~ 003.0 devices for uta fast charcine. URNA 1m fed gooseneck Includes cany case, 
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Iroda® Maxi 


Blow Torch 
Ultra high output 
design suits heavy 
duty brazing, 
silver soldering 

in plumbing & 
maintenance. Just 
snap on a can of 
gas and go! 


Add a 4 pack of 
gas for $8.95 


Springloaded 
Rotating PCB Holder 


1500W Heat Gun 
Shifts paint, solvents from 
surfaces, makes plastics 
malleable and more! Great 
addition to the workbench. 
450L/min airflow. 


JUST ARRIVED! T210 


A must have for the soldering enthusiast! Great 
for working on boards up to 200 x 140mm in 


size. Heavy base and rubber feet ensure a — 


solid working sufrace. 


T 4636 


Glow In The Dark 
Cable Snake 


Hard wearing 4m plastic coil 


SAVE 


WAIHLOYJW 
Opon 


All heat & no flame! 


® 


Great for removing ad- 
hesives & paint. 650°C max. Refillable. 


r,ovvew 
yin 
|| Sizes down to 
Ph it 
6634606 


Precision Spanner Set 
A handy 10pc set for electronics 


oa io 
| A NEW ' 


use. Includes 4, 


4.5, 5, 5.5, 6, 7, 8, 9, 10mm ring & open end sizes. 


= 


24% * 


g s T5032 


Tool Carry Cases - Keep your tools organised. 
Impact resistant plastic tool cases with removeable centre section. 


makes running cable through 
a roof or wall cavity a breeze. 


T 2745A 


Super Comfy 
Precision Snippers 
Ideal for trimming 
component legs. 


T 2749 


Tough Tungsten 5” 
Side Cutters 

Ideal for cutting solid core 
steel, copper & piano wire 


Shop online 24/7 @ www.altronics.com.au 


Laser Tape Measure 
Great for trades & 
consultants. Accurate to 
2mm up to 30m 


T 5030: 315x175x130mm. T 5032: 410x210x185mm. 


Instant-Read IR 
Thermometer 
0.1° accuracy from 
-50 to 260°C. 
Includes batteries. 


Micron® 
Professional 
100W Soldering 
Station 


Features adjustable 
temperature, zero-voltage 
ESD safe spike protection, 
temperature lock out & energy 
save mode. Wide temperature 
range from 200° to 450°C. 
Perfect for all manner of 
general purpose soldering. 
Includes 1mm chisel tip 
stand and tip cleaner. 


Half price T 2081 SMD tweezers 


SPECIAL OFFER! option. Only $104, Normally $209 


NEW 
RELEASE! 


Micron® Vacuum Desoldering Station 

Designed to desolder through hole componentry, removing molten solder quickly and 
easily from solder pads and components. In-handle reservoir is easily removed and 
cleaned. Includes three desoldering tip, nozzle cleaner and filter pads. 160°-480°C. 


Micron® Combo Soldering 


& Vacuum Desoldering Station 

Save space on your bench with this top performing 60W soldering iron and 90W 
vacuum desoldering station. Removes a 16 pin through hole IC in 30 seconds! 
Sucks molten solder away from components & pads in.no time and is easily cleaned. 
160° to 480°C adjustable. Includes 0.2mm soldering tip and three desoldering tips. 


EA 


aumen” Ki 


T 2487 


Adjustable 50W Soldering Iron 
TOP SELLER! Now back in stock. Easy to use and flexible enough to tackle small or 
big jobs. Adjustable 200° to 500° 


a 


80W Heavy Duty Soldering Iron T 2483 $2495 


Jumbo 7mm chisel tip ideal for heavy duty soldering and tinning such as 
leadlighting and auto repairs. 500°C max. 


1300 797 007 


SAVE $30 


Multi-Stage Weatherproof 
Vehicle Battery Chargers 


Each model utilises a microprocessor to 
ensure your battery is maintained in tip- 
top condition whenever you need it. Helps 
to extend battery service life. Suitable for 
permanent connection. Great for boats, 
caravans & seldom used vehicles. 


$99 
$225 


33% OFF 


Brackets 

An affordable range of 
TV wall brackets offering 
low profile mounting, 
only 50mm deep. 


SAVE $10 


SYNALIN 


cen ee BOEIEN. ST 


POWER VOL+/CH+ VOL-/CH - MENU/EXIT 


12V/240V HD Set Top Box 


This mini digital TV receiver features HDMI $69-95 
output. Runs off a 12V power source making A 2809 
it perfect for use in cars, 4WDs, caravans 

and boats. USB recording & playback. Includes plugpack, car 
adaptor and IR remote. 118W x 100D x 28Hmm 


A 3042 


Mini Stereo Line Pre-Amp 
Provides a boost for line level 
sources that need a bit more 
oomph. RCA in and out. Includes 
power supply. 


Opus One® 2 x 50W 
Stereo Mini Amplifier 


M 8536 12V 10A 10 Stage 


Power up speakers in your study or alfresco 
with this mini amp. 3.5mm and RCA inputs. 
Class D design. Internal headphone amplifier. 


Shop online 24/7 @ www.altronics.com.au 


With laser pointer! —~— 


— 


M 8534 6/12V 4.5A 7 Stage 


Battery Health 
Analyser 


Detects and analyses volt- 
age, cold cranking amperes, 
resistance and cell condition 
in 12V lead acid cells. Easy 
connection and on screen 
menu driven operation. 
Ideal for vehicle servicing or 
checking 12V SLA cells in 
battery backup systems. 


A 3834 


4K Upscaler 


& Audio Extractor 

Scale 1080p to 4K/2K res. Plus 
optical audio output. Includes 
plugpack. 


Handy Hi-Fi Wall Brackets 
Stylish wall brackets to suit speakers up 
to 15kg. Also suitable for projectors. 
110 x 175mm plate. Sold in pairs. 


Bluetooth Amplifier Wallplate 
Wireless audio streaming from your smartphone, 
direct to the wall controller. 2x15W RMS stereo 
amplifier built in, great way to install speakers in 
> the study or games room. Plus, in-built FM tuner 


Universal tablet . & USB audio player. 
holders for SAVE $9.95 


vehicles. È | 
Features secure J ` 

springloaded arms for 
tablets up to 12.9” in 
size. Adjustable ball 
joint design. Keep kids 
entertained in the back 
seat or use a tablet for 
navigation. 


D 2206 Headrest 


$20°2a D 2204 


Windscreen 


5.8GHz Wireless AV Sender 
Transmit stereo audio & composite video without 
cables from room to room. 30m range. IR sender 
built in. Includes transmitter, receiver & plugpacks. 


SAVE $29 


c + P 5976 
A 2384 ss OM 
Extend your sound system with ease! s = X $42-50 
Connect up to two additional pairs of speakers to your $30 
stereo amp without risk of damage. Each speaker “zone” 
has on/off & volume control. 50W RMS per channel Dual HDMI Wallplate 


(4/8Q speakers). With easy back to back fly lead connection. 


1300 797 007 


Zoo 


Arduino Expansion Shield for R-Pi 
Mash the two worlds of Arduino and Raspberry Pi 
together using this handy expansion shield with on- 


Gamepad Joystick Shield 
A joystick and button controller 


which plugs directly onto an _ 
Arduino UNO. 3V3/5V input. 


START YOUR YEAR OFF WITH A DIY PROJECT. 


_ High Torque MG995 Servo 
_ Ahigh speed metal geared servo with 
12kg/cm torque. Weighs 55 grams. 


board atmega32u4 and X-bee slot. 


ih 


Prototyping Base For Pi & Arduino UNO 
Great for schools and classrooms! This stable 
acrylic development base features rubber feet and 
standoffs. Suits P 1020 or P 1002 breadboards (sold 
separately). “Raspberry Pi for illustration purposes. 


ADXL345 Accelerometer Breakout 
Suits tilt, motion and shock sensing 
projects. 3-5V input. 


120 degree rotation (+60°) 


: 


$5 


Lightweight SG90 Servo 

A great micro servo for lightweight 
robotics applications. 180 degree 
rotation (+90°). 3.5-6V operation, 


(4 E EL $995 
È 26300 $6 5 af 
MN 26344 3 Axis Magnetic Sensor - 5 
Raspberry PI GPIO Breakout Ideal for navigation and compass $249 


Breaks out the 40 pin GPIO bus of NEW! 
the R-Pi and connects it to a 500 pin $22.95 
breadboard for development. 


T 5 Za S 
A De 
Uses an MFRC522 chip to provide 


En Z 6356 
Contactless RFID Breakout $11 
contactless 13.56MHz switching via 
electromagnetic field. 3.3V input. Includes 2 RFID tags. 


NEW! 
FTDI USB Lead a 
$274 A simple way > 
i to connect 
l TTL serial 
i devices to 
Z 6522 ey USB inputs. 


projects. 3V input. 


8x8 Red LED Matrix Breakout 
Ideal for creating scrolling 
characters or games. 5V input 


PIR Movement Sensor Breakout 
Ideal for security & robotics 
projects. 7m range. 5V input 


$15 


ATMega32U4 
Megaa Z 6346 


Lilypad Board 
The ‘lilypad' form factor allows easy 
building of sewable electronics and 
e-textile projects. Can be used with Z 
6368 LED sequins ($4.95 5pk). 


Z 6382 


$9.50 


ATMega328P 


Lilypad Board 
Great for moving UNO based designs 
& code into e-textile projects. Can 

be used with Z 6368 LED sequins 
($4.95 5pk). 


Z 6349 


"Sensor 


$9.95 


LattePanda® Windows 10 


Development Board 

Featuring 2GB of RAM, 32GB on board memory and 
full Windows 10 pre-installed. Powered by an Intel Atom 
processor it is capable of running Windows 10, Linux or 
Android. It also integrates with Arduino! 

Features: * Bluetooth 4.0 e WiFi e HDMI out * USB 
2.0/3.0 * Touch sensor and display connectors 

e Sensor headers * Micro SD expansion and much 
mare! Case to suit H 6415 $16.95. 


Arduino Display & Sensor DIY Kit 
Includes a UNO compatible dev board, 16x2 LCD module, 
breadboard & an array of sensors for experimenting! 


Arduino Building Blocks DIY Kit 
Includes a UNO compatible dev board and 19 breakout 
sensor boards for experimenting! 


sing not included 


Built your own mozzie trap! 
Combat zika and other mosquito 
borne viruses with this cheap and 
easy to build inaudible tone generator, 
Lures male mozzies to their doom! 


Sale Ends January 31st 2017 


8 Digit Frequency Meter Kit 

A compact high resolution meter capable of 
reading up to 55MHz (even more with an 
external pre-scaler!) Ideal for technicians, general 
servicing and lab use. Can be USB powered. 


Universal Temperature Alarm Kit 

A simple temperature alarm for use with 
aquariums, home brew, heating & cooling 
systems etc. -33°C to 125°C range. Under and 
over indicators with 90dB piezo alert. 


Find your nearest reseller at: 


Induction Motor Brownout Protector Kit 
Protect valuable motor driven appliances and 
pumps from damaging brownouts (where power 
dips to very low levels). Easy in-line hookup! 


Please Note: Resellers have to pay the 
cost of freight and insurance and therefore 
the range of stocked products & prices 


Phone: 1300 797 007 Fax: 1300 789 777 
Mail Orders: mailorder@altronics.com.au 


charged by individual resellers may vary 
from our catalogue. 


www.altronics.com.au/resellers 


© Altronics 2016. E&OE. Prices stated herein are only valid until date shown or until stocks run out. Prices include GST and exclude 
freight and insurance. See latest catalogue for freight rates. All major credit cards accepted. 
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By BAO SMITH 


Last month we had a short article on building an Arduino-based 
digital Theremin which may have left some a bit wanting. This 
month we show how to add a second sensor onto the Theremin 
which is used to control volume. 


yo can’t really call something 
a Theremin if all it does is alter 
pitch. So, we decided to improve on 
the Theremin kit from Jaycar by add- 
ing a second ultrasonic sensor which 
is used to alter volume. 

This extra HC-SR04 ultrasonic sen- 
sor is cheap — it can be bought from 
Jaycar for $7.50 (Cat. XC4442). 


Adding the second sensor 


The second sensor is aimed perpen- 
dicular relative to the first and moving 
your hand closer to it increases the vol- 
ume, decreasing it if you move away. 

While the physical change to this kit 
is very simple, there is much more that 
needs to be altered on the software side 
to provide the volume-altering effect. 

Because of the lack of space around 
the DIGITAL pins due to the pitch-con- 
trolling sensor being located there, we 
opted to plug the second sensor into 
the ANALOG pins. 
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The second ultrasonic sensor is fitted so that Vcc goes to ANALOG pin 2, while 
Trig goes to pin 3. Note that the amplifier power lead has been bent slightly so 
that there is better spacing between parts. ` 
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Conveniently, the ANALOG pins on 
the Arduino Uno can be used as digi- 
tal pins, however, when manipulating 
them, the pin number needs to be pre- 
fixed with 'A', ergo A2 corresponds to 
ANALOG pin 2 on the board. 

We have placed the addition sen- 
sor with Vcc on ANALOG pin 2, Trig 
on pin 3, Echo on pin 4 and GND on 
pin 5. We also slightly bent the 2-pin 
male header that the amplifier power 
supply connection was attached to so 
the lead does not come into contact 
with the sensor. 

As detailed in last month’s article, 
the pin locations of the new sensor can 
be altered (if necessary) by changing 
what is defined in the software. But it’s 
easiest to use the same pins we have. 

Then all that needs to be done is 
upload the new software to the board. 
The new software will still work with 
just one sensor, as shown last month, 
and can be downloaded for free from 
our website www.siliconchi 


A 


Software 


Once again, the software details are 
left to an interested reader. Instead, we 
will just go over some of the more im- 
portant points. At the top of the Ultra- 
sonic_Theremin.ino file there is a new 
macro called VOL_SENSOR which is 
set to T by default. 

When set to 1, the software will act 
as if both sensors are attached, and 
thus attempts to request data from both 
sensors. If set to 0 the software func- 
tions as if only the pitch-controlling 


sensor is attached and thus only polls 
one sensor. 

The amplifier’s audio signal level is 
determined by the value of the 8-bit 
OCR2B register, which can range be- 
ween 0 to 255 inclusive. 

Now that we have the additional 
sensor, a second distance measure- 
ment is computed (simultaneously 
with the first, to avoid slowing down 
he feedback loop). This distance 
measurement is then used to scale the 
sinewave value written to the OCR2B 
register, effectively attenuating the 
sound level depending on how far 
your hand is from the new sensor. 

By default, the software uses the 
same MAX_DIST setting for both sen- 
sors to set their maximum detection 
range. If for some reason you wanted 
to use a different value for each sen- 
sor, you would need to modify the 
software. 
The trickiest part of modifying the 
software to handle two sensors was the 
code to measure the distance for each 
simultaneously. This involves sending 
simultaneous trigger pulses, then wait- 
ing for both echo pulses to be received 
while separately timing the start and 
end of each echo, so that we can later 
subtract them and calculate the dis- 
tance measured. We recommend that 
interested readers take a close look at 
this part of the source code to see how 
we did it. 

Of course, one of the great things 
about Arduino is that‘you can down- 
load our software and easily experi- 
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Two high-voltage projects 
which use ae same PCB: 


High Energy Electronic 
ignition for Cars 


Use to replace failed ignition module or 
to upgrade a mechanical ignition system 
_ Published in Nov/Dec 2012 
(siliconchip.com.au/elect+igniton) 


Jacob's Ladder 


A spectacular (and noisy! ) 

display of crackling, 

menacing sparks as they 

mysteriously climb the 
der” 


Published in 
Nov/Dec 2013 


Parts available from PCB, IGBT 
Silicon Cup On-Line Shop: programmed PIC, 


; Look for all the details at 


ment with making changes to see what 
effect they have. 


More Arduino projects 


If you’re interested in building 
other Arduino projects, check out 
Jaycar’s guides at: www.jaycar.com. 

né/ardninc 
au/arduino SC 
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While many readers will 
be familiar with electronic 


circuit simulation by 
programs like Spice or 
system design software 


such as LabVIEW, there are 
also simulation programs 
to test mechanical systems 
like motors. Simulink is 

a graphical programming 


language developed by 


MathWorks and it can be 
used to test Arduino control 


systems. 


Real-time system modelling 


with Arduino and Simulink 


his practical demonstration 

involves using Simulink to ana- 
lyse the operation of a standard radio 
control servo (Hitec HS-422) under Ar- 
duino control. Simulink can simulate 
faults and it allows the user to make 
alterations to the system to correct any 
faults in real time. 

Note, that the rest of this article as- 
sumes some familiarity with control 
theory, linear regression and related 
concepts. 

When designing any system, criteria 
such as gain and phase margins can 
ensure acceptable performance when 
there are slight changes in system dy- 
namics, However, if system dynamics 
were to change significantly because 
of a component or sensor failure, the 
result can be less than optimal or even 
catastrophic. 

To ensure that these types of failures 
do not produce an unexpected result, 
it is important to detect these events 
as they happen. A real-time model lets 
you compare actual system measure- 
ments with predictions from the model 
and detect failures when the difference 
exceeds a certain threshold. 

This article details how to build the 
base of the model, and also how to 
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acquire data from an Arduino device. 
You can find it at www.siliconchip. 
com.au/l/aaak and it includes a down- 
load of the source code. 

A video version of this article can 
be found here: www.siliconchip.com. 
au/l/aaal and another related video 
here: www.siliconchip.com.au//aaam 

For this demonstration we use a 


Hitec HS-422 servo (widely used in 
radio-controlled model cars, boats and 
planes) mounted on a motor driver 
which is connected to an Arduino 
Duemilanove board (an Arduino Uno 
board can be substituted). 

In Fig.1, we have the servo track a 
square wave reference angle and after 
20 seconds we introduce a disturbance 


coches 


Fig.1: the predicted (yellow) and measured (mauve) motor angle. The measured 


motor angle does not go back to a rest position once the fault has been 


introduced into the system. 
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Step 


Voltage Angle 


Recursive Polynomial Model Estimator 


Goto - Parameters 


Goto - Error 


e FaultF lag 


Fault Detector 


Goto FaultFlag 


Fig.2: the Zero-Order Holds in the control algorithm provide a specified time-delay for the inputs provided, here we leave 
it at the default value of 1. The polynomial estimator performs the comparison between the measured and predicted motor 
angle, it then calculates the absolute error and original parameters. The data then needs to be sent to a host computer so it 


can be plotted. 


to the system, stopping the servo mo- 
tor from tracking the reference angle. 

Since we want to be able to detect 
this change in behaviour while the 
servo motor is running, we program 
the Arduino Duemilanove board to 
perform this calculation. 


Fault detection 

To program the Arduino Duemilan- 
ove we build a two-part model in Sim- 
ulink using blocks from the System 
Identification Toolbox (Fig.2). 

The first part of the model is the 
control algorithm and it uses motor an- 
gle measurements and a PID (propor- 
tional-integral-derivative) controller 
to send a voltage request to the servo 


(After all, it is from MathWorks!). 
It uses a “recursive polynomial esti- 
mator” block located in the System 
Identification Toolbox which has in- 
puts for the input motor voltage and 
measured angle. 

This is configured as an ARMAX 
(autoregressive-moving-average exog- 
enous) model that is used to estimate 


PID Controter 


"Get Angle 
| 
| 


ii 
d 


an ARMAX polynomial with the form: 
A(q) * y(t) = B(q) * u(t- nk) + C(q) * e(t) 
This lets us model noise and dynam- 
ics independently. 

Choosing the right parameters for 
our ARMAX model is part science, 
part trial and error. Since any DC mo- 
tor can be modelled as a second-order 
differential equation, we choose two 


motor which then tracks the ref- — 
erence angle position. 

The PID controller looks at 
the set-point value provided and 
compares it to the actual value 
of the process variable; in this 
case the reference angle of the 
motor. It then returns low if both val- 
ues are the same, or high if they differ 
too much. 

The second model handles param- 
eter identification and fault detection 
and this is where the maths gets heavy 
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The inner workings of the model DC 


motor and what blocks are required | 
to take data from an Arduino device | 


over a serial port. 


MATLAB Function 


Analog Outpt PWM) 
Backward 


10-bit toAngle 


Serial Wite (Angie) | 
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Parameters 


Parameters 


Model Parameters | Algorithm and Block Options 


Model Description 


Algorithm Options 


Initial Estimate: 


Estimation Method: | Forgetting Factor- a ae 


Forgetting Factor: 1 


Number of Parameters in A(q) (na): Ps 


Input Delay (nk): ae ie 


Number of Parameters in B(q) (nb): a T ER 


Number of Parameters in C(q) (nc): Eee 


Parameter Covariance Matrix: iea pees 


Block Options 


Add enable port 


External reset: 


Loe 


Output estimation error 


E Output parameter covariance matrix 


Algorithm and Block Options 


Figures 3 & 4: an ARMAX polynomial is used for comparison between the measured and calculated motor reference angle 
and the value of each parameter should be set as follows in the menus above. The “Output estimation error” selection is 
needed so that we can plot the difference between our results. 


for the number of poles [A(q)], two for 
B(q) and one for C(q) as shown in Fig.3. 

For the input delay (nk), we record 
how long the servo takes to respond to 
a step input and divide this number by 
the estimator sample time, providing 
us with a value of two (milliseconds) 
for our model. 

The input delay can be treated as 
phase shift or a time delay applied to 
the polynomial. 

In Fig.4, the recursive polynomial 
estimator block gives us the option to 
enable or disable parameter estima- 
tion. We use “Add enable port” to per- 
form ‘online’ parameter estimation for 
the first 10 seconds of runtime — this 
provides time for the parameters to 
converge to their steady state values. 

Once this period has passed, the pa- 
rameter estimation block stops updat- 
ing the servo motor with new values; 
instead it uses the previously estimat- 
ed values to calculate the next step. 

These estimated values are used to 
predict the motor angle for a given mo- 
tor input voltage (under normal operat- 
ing conditions) and are then compared 
to the measured motor angle. This is 
how the error for the motor system is 
calculated. 

Simulink provides a way to calcu- 
late a steady state error of the system. 
To do this we enable the error port 
which outputs the one-step-ahead 
prediction error (the difference be- 
tween the measured motor angle and 
the predicted angle). 

We use a low-pass filtered version 
(ie, another pole) of the fault detection 
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algorithm, which is implemented as a 
two-state StateFlow chart; which is a 
finite-state machine (Fig.5). 

The StateFlow chart sets the fault 
flag high when the filtered error is 
greater than the threshold value which 
is currently 1 and sets the flag low 
when 10 seconds have passed and the 
error is less than 1. 

This Simulink model is now loaded 
onto the Arduino Duemilanove board 
by using the “Run on Target” feature 
of Simulink. 


Result 


Everything is set to detect changes 
in the servo’s dynamics while it is 
running and in Fig.6 we can see our 


Fig.5: the StateFlow STATES 
diagram is pictured below a 
and to the right is what the 
inside of the diagram looks 
like. 


faultOF 
en,du:data= single(0); 


faultof 
en,du:data=single (0) 


[abs(error)>1] 


results. We have the parameter estima- 
tion algorithm calculate the approxi- 
mate servo motor dynamics during 
the first 10 seconds of runtime before 
it reaches its steady state. 

After around 20 seconds have passed 
we introduce our disturbance into the 
servo motor, this causes the error value 
to shoot up and the fault detection al- 
gorithm sets its fault flag high. 

Once the disturbance is removed, 
the system returns to normal and the 
fault flag is once again set low. 


Building on this approach 

For this project, we use real-time 
estimation to detect faults as they oc- 
cur in our system. 


TRANSITIONS (Condition / Action / Destination State) 
if 


{abs (error) >i) 


4 


jfaultOn 
en, du:data=single (1) 


faultON 
en,du:data= single(1); 


after(10, sec)[abs(error) <=1] 
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Fig.6: the top yellow trace is the predicted (or control) motor angle while the 
mauve trace is the measured angle. The plot below shows the fault prediction 
error (the difference between the predicted and measured values). Below that is 
the fault flag value; it steps high when the error rises above a set constant. 


Common applications of this are 
in adaptive control, where this tech- 
nique is used to modify some control- 
ler based on changes to the system 
helping to maintain a required level 
of performance. 

For example, some radio control 
(RC) servo motors use adaptive con- 
trol to correct the performance of its 
mechanism. An odd example would 
be a swing driven by a motor with an 
adaptive control system to help sustain 
periodic movement. 

After making sure the prototype 
model is correct, Simulink provides 
an easy way to generate code for your 
model, letting you deploy it to your 
target hardware, similar to how we 


loaded the software onto an Arduino 
Duemilanove board using the “Run on 
Target” feature. 


Contact and pricing 


A free 30 day licence for the Math- 
Works suite which includes Matlab, 
Simulink, StateFlow and more can be 
applied for on the MathWorks website 
(https://au.mathworks.com/) by click- 
ing the Trial Software link at the bot- 
tom of the page. 

Pricing details for each type of li- 
cence can also be found on their web- 
site and more example projects can 
be found at http://‘makerzone.math- 
works.com/ 

* MathWorks sc 


Glossary; 


Extra Reading 


hitps://au.mathworks.com/help/ 
instrument/direct-interface-commu- 
nication-in-simulink.html — using 
serial communications in Simulink 
http://au.mathworks.com/help/ 
supportpkg/arduino/ug/run-model- 
on-arduino-hardware.html — running 
Simulink programs on Arduino 


hitps://au.mathworks.com/help/ 


ident/ref/recursivepolynomialmod- 
elestimator.html — recursive polyno- 


mial estimator block 
http://au.mathworks.com/help/ident/ 
ref/armax.html — ARMAX function 


https://en.wikipedia.org/wiki/Auto- 


regressive-moving-average_model 
— ARMA details 


http://au.mathworks.com/help/iden 


examples/comparison-of-various- 
model-identification-methods.html 
— model comparisons 
www.facstaff.bucknell.edu/mastas- 
cu/eControlHTML/Design/PerfiSSE. 
htm - steady state error details 
https://au.mathworks.com/help/ 


stateflow/gs/anatomy-of-a-state- 
flow-chart.html — StateFlow chart 


example 
www.landau-adaptivecontrol.org/ 
Slides%20Ch1.pdf — slides on adap- 


tive control compared to conventional 
and robust methods 
www.google.com.au/patents/ 
US5833545 — adaptive control swing 
patent 
http://au.mathworks.com/matlab- 
central/fileexchange/44416-simple- 
adaptive-control-example — example 


program using adaptive control 


Exogenous variable: variables independent of the process being measured; an example could be a shift in consumer confidence 
leading to lower sales, or a natural disaster affecting energy production. 

Online: the model or plant being run during the runtime of the system being tested, ergo in real-time. 

Pole: poles and zeros are terms applied to mathematical transfer functions. In electronic circuitry, every filter network has a 
time constant, a rolloff frequency and associated slope and a phase characteristic. Each filter network, which may be as 
simple as an RC low-pass network, is referred to as a “pole”. The filter network which is the main determinant of a circuit’s 
frequency response is referred to as the “dominant” pole. 

Plant: a term from control theory referring to the combination of an input and output signal with some component that is 
responsible for controlling a mechanism or system. 


Polynomial: a polynomial is an expression that can be expressed in the form: a,x" + apyx™1 + ... 


ao, -.-, an are constants, Xp are unknown variables and n > 0. 
Servo motor: a servo motor contains a DC motor, gear reduction unit, a position-sensing device (normally a potentiometer) 
and a control circuit. A servo receives some control signal that represents the desired output motor angle of the shaft and 
applies power to the motor until that angle is reached; the position-sensing device is used to determine which way the motor 


should move. 


+ aX + a where 


Transfer Function: a mathematical function relating the output or response of a system to its input, eg, a filter circuit. 
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„With recording to USB memory 


Did you know that high-definition digital set-top boxes make great 
personal video recorders when used with a USB flash drive or external 
(USB) hard disk? And the best part is they’re really cheap! 

Jim Rowe compares five commonly available units. 


odern set-top boxes offer a lot more than earlier 
Mies: despite their sub-$80 prices. This makes 

them well worth considering for uses like record- 
ing late-night programs for watching at a more convenient 
time. In most cases they’re also capable of being used as a 
‘media hub’, for playing videos downloaded from the web 
on your TV. , 

An important feature is the ability to record programs 
onto a USB flash drive, an external USB SSD drive or a 
USB portable hard drive. This means they’re no longer just 
an STB but a personal video recorder or “PVR”, as well. So 
since USB flash drives or “thumb drives” are available with 
capacities up to 64GB and beyond at very attractive prices, 
this means you can junk your old DVD+/-R recorder (or even 
older VCR) and record late-night TV programs very easily for 
viewing at a more convenient time. There’s no need to invest 
in one of those $250-plus PVRs with an internal 500GB or 
1TB hard drive, either. 

Putting things into perspective, a4GB USB flash drive can 
hold about an hour of HDTV or around two hours of SDTV. 
You can double these times for an 8GB drive, double them 
again for a 16GB drive and so on. This means that a 32GB 
thumb drive will hold about eight hours of HDTV programs, 
or 16 hours of SDTV — not bad for a drive you can currently 
buy for around $15 or even less! In most cases, you do need 
to use USB 2.0 or 3.0 drives with these STBs, especially for 
HDTV recording and playback. USB 1.1 drives probably 
won't be fast enough for STB use. 

So how easy is it to make a recording — can you simply 
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press a button on the remote control to start or finish it? 
Most STBs do allow this but generally they also provide the 
ability to set the start and finish times in advance, using the 
built-in electronic program guide (EPG). 

Many also allow you to use the USB recording function for 
time-shifting or ‘live pause’ viewing. This allows you to set 
it to record the program being viewed if you are called away 
for some reason, and then start watching it again when you 
return (from the point where you left), simply by pressing 
the Play button. Since it continues to record the program 
while you are playing it back, none of the program is lost 
— assuming there is enough space for it on the USB drive. 

You may be wondering if they are all capable of recording 
the range of SD and HD signals currently being broadcast 
in Australia. The answer to this is generally yes, since at 
present all of the DVB-T transmissions are being encoded 
in three main formats, as shown in the table opposite. And 
all of the STBs currently available seem to have no trouble 
handling these formats, as you'll read shortly. 

Some quick comments about aspect ratio and picture 
resolution. First, remember that nominally all Australian 
DVB-T stations transmit a picture with an aspect ratio (width/ 
height) of 16:9, or 1.78:1. But if you divide the ‘active pixels’ 
on each line by the number of lines shown in the small table, 
you'll find that the only format that seems to give this ratio 
is the ‘HD’/720p format (1280/720 = 1.78:1). The SD/576i 
format gives 720/576 = 1.25:1 or 5/4, while the FHD/1080i 
format gives 1440/1080 = 1.33:1 or 4/3. 

The only apparent exception is 9HD in Perth WA, which 
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The five commonly-available set-top boxes we reviewed, 
with the rear panel shown above and the front opposite. On 
top is the Dynalink A2809, with the Laser STB-6000 under 
that, followed by the Strong SRT5432, the Teac HDB850 and 
finally the Digitech XC4929. 


does provide 1920 active pixels per line and thus can trans- 
mit video with an aspect ratio of 1920/1080 = 1.78:1 or 16/9. 

So what’s the secret? How is it possible for those SD/576i 
stations and most of the FHD/1080i stations to transmit a 
16/9 picture? Well, in the above calculations we were as- 
suming that the pixels making up each line were square in 
shape. But the stations can achieve a 16/9 aspect ratio quite 
simply by using elongated pixels to make up each line. The 
only format that actually uses square pixels is the HD/720p 
format used by ABC News24. 

The other thing to bear in mind is that although each of 
the three DVB-T formats shown in the table below has a 
rated picture resolution, this is essentially the maximum 
resolution it can provide. The actual resolution (and aspect 
ratio) depends very much on the program material being 
transmitted — which can vary significantly. 


Multimedia hubs 

Another handy feature offered by most of these latest 
STBs is that they can also be used as a ‘multimedia hub’ - 
to play back through your TV many of the common types 
of multimedia that can be recorded on a USB drive. This 
includes digital photo images and music as well as movie 


CURRENT AUSTRALIAN DVB-T FORMATS 


TYPE 


li z 
720p Currently only ABC News24 uses this format 


1080i 1 Pesan NineHD in Perth has 1920 active pixels/line 


NOTES: (1) ‘i’ indicates interlaced scan, ‘p’ indicates progressive scan 
(2) DVDs use 720p (720 x 576 x 50Hz for PAL, 720 x 480 x 60Hz for NTSC) 
(3) BluRay discs use 1080p (1080 lines x 1920 active pixels) 
While this list is current at press time (December 2016) it is 
quite likely to change in the reasonably near future, as TV 
stations re-organise and rationalise their channeling. 
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clips, in most of the file formats that can be downloaded 
from the internet. 

These digital image formats can usually be displayed: 
JPEG, BMP and PNG; and the audio formats: MP3, PCM, 
WAV, OGG and MP4; and finally the video formats: AVI, 
VOB, MOV, MKV, WMA, MPEG2 MP@HL and MP4/H.264 
MP&HP@L4.1. 

Many of the STBs will also ‘play’ full HD 1080p MP4/H.264 
HP@L4.1 files - known as the ‘Blu-Ray disc’ format. But at 
present none of them will play files in the newer and higher 
resolution “2K” or “4K” formats. 

Let’s now move on to look at five representative models 
of the currently-available low-cost HD STBs. We will be 
looking at them one by one, but before we do so please refer 
to the large comparison table where we have summarised 
many of their important technical details. We'd also like to 
make a few general comments which apply to all of them. 


How we checked them 

We hooked up each one to a 42” high definition (1080p) 
LCD TV, looping its RF input and output into the TV’s an- 
tenna cable and connecting the STB’s HDMI output to one of 
the TV’s HDMI ports. We checked its basic performance as 
a DVB-T set-top receiver ‘front end’. All of them performed 
this key role with no problems — receiving all the local 
DVB-T broadcasts with excellent video and sound quality. 

We then tried making test recordings from three local 
DVB-T stations — one using the SD (576i) format, one (ABC 
News 24) using the HD/720p format, and one using the FHD 
(1080i) format. In each case they’re all excellent performers. 

To check out their capabilities as multimedia playback 
hubs as well, we downloaded a number of 1080p and 720p 
video files (movie trailer clips, actually) from www.h264info. 
com/clips.html, plus a few 480p video files as well (from 
https://archive.org/) and some MP4/H.264 test pattern files 
(from www.w6rz.net). All of these files were copied to an- 
other 8GB USB 2.0 flash drive. 

Here again, most of them played pretty well all of these 
files with excellent results. There were a few problems 
which we'll discuss shortly. But overall, the results were 
very impressive. 

Right — now let’s look at each of the five STBs in turn. 


Dynalink A2809 


The Dynalink STB is available from Altronics (www. 
altronics.com.au) and its resellers. Despite carrying the 
highest price of the five ($79.95), it’s the smallest of them, 


About H.264/MPEG-4 AVC 


H.264 is also known as MPEG-4 Part 10 Advanced Video Cod- 
ing, MPEG-4 AVC or even MP4/H.264 for short. Essentially it’s an 
improved digital video compression standard, designed to provide 
good video and audio quality at substantially lower bit rates than 
previous standards like MPEG-2 or MPEG-4 Part 2. For example 


it offers a bit rate of less than half that of MPEG-2, which is why 
it has become the preferred standard for encoding Blu-Ray discs 
- and also for downloading video files over the internet. 

The H.264 standard is best viewed as a ‘family’ of standards, 
since it can be used to encode many different file profiles, from 
low-resolution files for viewing on handheld devices right up to 
1080p HD video and the newer 4K and 8K even higher resolution 
formats. 
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VIDEO 
DECODING 
FORMA 


BRAND, MODEL VIDEO 
&sourcE |COST| FORMATS 


16:9, 4:3, P/S, LB 


DYNALINK A2809 1080p/1080i/ MEGI 
(AITRONICS) $79.95) 720p/576p/576i/ priced get hg 


480p/480i 


16:9, 4:3, P/S, LB 


DIGITECH XC4929 1080p/1080i/ MEEGA 
$69.95 R ., | AVC/H.264 HP@L4, 
UAYCAR) 720p/576p/576i/ | AVC/H.268 irer 


480p/480i 


16:9, 4:3, P/S, LB 


1080p/1080i/ peal 


STRONG SRT5432 H.264 MP8HP@LA1, 


measuring only 118 x 100 x 28mm and weighing only 113g. 

It can operate from 12V DC — making it suitable for use 
in vans and RVs and even “off the grid” rural properties. 
As well, it comes with a 230VAC/12V DC plugpack supply 
to allow use in urban locations. It also comes with an IR 
sensor extension lead, to allow the unit’s remote control to 
be used from a greater distance. 

On the other hand, it doesn’t provide component video 
outputs, making it less suitable for use with older TVs lack- 
ing an HDMI port. 

Similarly, although three of the other STBs provide an 
S/PDIF coaxial digital audio output, this is again missing 
on the A2809. 

Four buttons near the left-hand end of the front panel 
duplicate the functions of four of the buttons on the remote 
(Power on/off, VOL+/CH+, VOL-/CH- and Menu/Exit). So if 
you misplace the remote, you will be able to turn the A2809 
on, change channels and adjust the volume. 

There were no problems when we tried out its functions 
as a DVB-T receiver front end or a USB-based PVR. Surpris- 
ingly it did seem to have problems playing a couple of the 
H.264/MP4 multimedia files. For example it wouldn’t play 
the video of the 1080p ‘The Simpsons’ movie trailer (1920 
x 800p), only the audio, displaying a ‘VIDEO NOT AVAIL- 
ABLE’ message — even though all of the other STBs played 
both the video and audio without any problems. 

Similarly, it alone refused to play a ‘Philips Circle’ 16x9 
test pattern file (H.264/MP4 1280x720p @ 29.97Hz), pro- 
claiming it an ‘UNSUPPORTED FILE’. 

It certainly performs the basic roles ofa DVB-T STB anda 
USB-based PVR as well as any of the others — together with 
the “bonus” ability of operating from 12V DC. 


Digitech XC4929 

The Digitech XC4929 is available from Jaycar Electronics 
(www.jaycar.com.au) and its resellers. It is listed at $69.95. 
Measuring 220 x 170 x 45mm and weighing 530g, it’s the 
largest of the five STBs we’re comparing here. 

In addition to the features listed in the main comparison 
table, the XC4929 also provides a set of control pushbut- 
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HDTV SET-TOP BOXES WITH USB PVR ABILITY — A DETAILED COMPARISON 


AUDIO AV USB PORT(S), | USB CAPACITY | USB FORMATS 
DECODING OUTPUTS LOCATION SUPPORTED SUPPORTED 


MPEG-2 Layer 1&2, 
MPEG4 AAC, MP3, 


NOT SPECIFIED, 


RH SIDE PANEL | BUT >32GB 


MPEG-2 Layer 1&2, 
MPEG4 AAC, MP3, 
AC:3, LPCM, DTS, 
WAV, OGG, FLAC, 
ABR, CBR, M4A 


1 x USB 2.0, 


sP/DIF AUDIO. | FRONT PANEL 


OUTPUT (RCA) 


HDMI (V1.3C), 
CVBS 
(3 x RCA), 


1 x USB 2.0, 


BiS wI 720p/576p/576i/ | (MPEG4), DV, DiX | ACS, PCM | sP/DiF AUDIO | FRONT PANEL 
480p/480i SUUTA 
16:9, 4:3, P/S, LB HDMI 
PAL-25 @ 720x576, MPEG-2 MP@HL, y 
TEAC HDB850 $59.00| NTSC-30 @ 720x480,| H.264 MPaHP@LA.1, | MPEG-1, MPEG2, peg 1 x USB 2.0, 
ee l 720p/ 6p] 480p/ ee AACIC > | SP/DIF AUDIO | FRONT PANEL 
576i/480i SEO Se 
Eer St eee 
16:9 8 4:3, 2 
10803 (NTSC/PAL) HDMI (V1.3C), 
LASER STB-6000 $28.00| 720p (NTSC/PAL) CVBS 1 x USB 2.0, 
(BIG W) 576i/576p (PAL) A i (3 x RCA) FRONT PANEL 
480i/480p (NTSC) | AVC/H.264 HP@ 


tons on the front panel. Again, these duplicate most of the 
main control buttons on its remote control: Power on/off, 
Menu, OK and the four channel select and volume adjust 
buttons (CH-, CH+, VOL- and VOL+). 

There were no problems when we tried out the XC4929’s 
functions as a DVB-T receiver front end, a USB-based PVR 
or a multimedia hub. 

It received all of the local broadcasts quite happily and 
recorded each of the formats with a video and audio qual- 
ity indistinguishable from the original. And it played all of 
the H.264/MP4 1080p, 720p and 480p files copied to our 
test USB drive very nicely indeed. 

The XC4929 operates only from the 230V AC mains. 


Strong SRT5432 


The Strong SRT5432 is currently available from Big W 
stores for $69.00. It’s quite modest in size, measuring 160 x 
104 x 28mm and weighing only 173g. That doesn’t include 
its 5V/2A plug-pack. 

Inspection showed up only one feature in addition to 
those listed in the comparison table: three small buttons 
at the right-hand end of the front panel, duplicating the 
Power on/off, Up and Down arrow buttons on the remote. 

As shown in the comparison table, while the SRT5432 
does provide a coaxial S/PDIF digital sound output on the 
rear panel, it doesn’t provide component video outputs — 
only the HDMI output and composite AV outputs. 

When we first powered up the SRT5432, the remote 
control seemed to be “dead”. After doing the usual battery 
checks we finally worked out what was wrong. 

Inside the remote control’s battery compartment, the 
vertical slots in the ends of the compartment intended to 
accept the positive ‘pips’ of the two AAA cells were just 
too narrow, so the pips could not protrude in far enough to 
make good contact with the metal electrodes inside. It was 
either a design fault or a plastic moulding fault. 

We carefully widened the slots in the plastic with a ro- 
tary milling tool. When the cells were refitted, the remote 
control sprang to life. 

After this there were no further problems when we tried 
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IR ELECTRONIC 
REMOTE | PROGRAM 


4x 
7-SEGMENT 
LEDS 


Ax 
7-SEGMENT 
LEDS 


4x 
7-SEGMENT 
LEDS 


4x 
7-SEGMENT 
LEDS 


out the SRT5432’s functions as a DVB-T receiver front 
end, a USB-based PVR or a multimedia hub. As with the 
other units it received all of the local broadcasts without 
.a problem, and recorded each of the formats with a video 
and audio quality that was again indistinguishable from the 
original. It also played all of the H.264/MP4 1080p, 720p 
and 480p files copied to our test USB drive. 

So apart from the remote control battery contact problem, 
its only real shortcoming is the lack of Y-Pb-Pr component 
video outputs, which will probably only concern you if you 
have an older TV which lacks an HDMI port. 


It is imported by Strong Australia (www.strong.com.au). 


Teac HDB850 


The Teac HDB850 is currently available from JB HiFi 
stores for $59.00, imported by Teac Australia (www.teac. 
com.au). At 220 x 135 x 40mm and weighing 433g, it’s 
almost the same size as the Digitech. Again that includes 
its built-in mains power supply. 

It showed up.only one feature in addition to those listed 
in the comparison table: three small buttons at the right- 
hand end of the front panel, duplicating the Power on/off, 
Up and Down arrow buttons on the remote. 

As shown in the comparison table the HDB850 provides 
a coaxial SP/DIF digital sound output on the rear panel, 
as well as the Y-Pb-Pr component video outputs, HDMI 
output and composite AV outputs. 

The HDB850’s only real limitation seemed to be that it 
would only accept USB 2.0 drives with either the FAT32 
or FAT16 formats — not with the NTFS format. 

Again there were no problems at all when we tried out 
the HDB850’s functions as a DVB-T receiver front end, 
a USB-based PVR or a multimedia hub. It received and 
recorded all of the local broadcasts without a problem. 
Video and audio quality was again indistinguishable from 
the original. It again played all of the H.264/MP4 1080p, 
720p and 480p files on our test USB drive as well. 


Laser STB-6000 
The Laser STB-6000 is currently available from Big-W 
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QUICK PHYSICAL 
START/USER SIZE (mm), 
MANUAL? EXTRAS COMMENTS 
118 x 100 x 28, 
REM. IR SENSOR 

FOR REMCON, 
CVBS OUTPUT 
CABLE 


<8W, 
<1W IN 
STANDBY 


USER MANUAL 
(140 x 105mm, 
25pp m/fold) 


CAN OPERATE FROM 12V DC 
(COMES WITH 230VAC/12V DC 
PLUG-PACK) 


OPERATES FROM 230VAC ONLY. 
REVISED USER MANUAL CAN BE 
DOWNLOADED IN PDF FORM 


FROM www. jaycar.com.au 


USER MANUAL 
(168 x 120mm, 
32pp) 


220 x 170 x 45, 
CVBS OUTPUT 
CABLE 


COMES WITH 5V DC PLUG-PACK 
QUICK START SHEET & USER 
MANUAL CAN BE 
DOWNLOADED IN PDF FORM 


FROM www.strong.com.au 


<25W, 
<IW IN 
STANDBY 


USER MANUAL 
(140 x 100mm, 
20pp) 


160 x 104 x 28, 
CVBS OUTPUT 
CABLE. 


OPERATES FROM 230VAC ONLY. 
QUICK START SHEET & USER 
MANUAL CAN BE 
DOWNLOADED IN PDF FORM 
FROM www.teac.com.au 


QUICK START 
SHEET, 
USER MANUAL 
(210 x 145mm, 
16pp) 


<10W, 
<0.5W IN 
STANDBY 


220 x 135 x 40, 
CVBS OUTPUT 
CABLE. 


OPERATES FROM 230VAC ONLY. 
USER MANUAL 
CAN BE DOWNLOADED 
IN PDF FORM FROM 
www. laserco.com.au 


<8W, 
<1W IN 
STANDBY 


USER MANUAL 
(145 x 105mm, 
22pp) 


125 x 110 x 32, 
CVBS OUTPUT 
CABLE 


stores for only $28.00, making it by far the cheapest. of the 
five STBs. Imported by Laser Corporation Pty Ltd of North 
Ryde in NSW (www.laserco.com.au), it’s only slightly larger 
than the Dynalink — measuring only 125 x 110 x 32mm and 
weighing a mere 164g. This is despite the fact that it has 
an inbuilt mains power supply. 

The STB-6000 does lack a few of the features found on 
the others. There are no component video outputs, no SP/ 
DIF digital audio output, no four-digit LED display on the 
front panel and no buttons on the front panel either. 

But it’s not surprising with a price tag about half that of 
all the others. 

Despite this lack of frills, there were no problems at all 
when we tried out the STB-6000’s functions as a DVB-T 
receiver front end, a USB-based PVR or a multimedia hub. 
It received and recorded all of the local broadcasts without 
a problem and also played all of the H.264/MP4 1080p, 
720p and 480p files copied to our test USB drive. 


Summarising 


So what conclusions can be drawn from this comparison 
of the five HDTVB-T set-top boxes? It’s clear that all five are 
capable of excellent performance, both as DVB-T receiver 
‘front ends’ and as recording and replay devices for the 
SD and HD DVB-T programs currently being broadcast in 
Australia. 

All but the Dynalink unit are also very good at playing a 
large number of multimedia file formats downloadable from 
the internet, including MP4/H.264 1080p high-definition 
movie files. And the Dynalink is pretty good at this, just a 
bit finicky when it comes to a small number of file formats. 

If all you really want is a bare-bones unit at the lowest 
possible price, the Laser STB-6000 would be the way to go. 
But if you want as many of the extra features as possible 
combined with the best value for money, you probably 
have to choose between the Digitech XC4929 and the Teac 
HDB850, or perhaps the Strong SRT5432 if you don’t need 
the component video outputs. Finally if you want to “go 
bush” and power your box from 12V DC, go for the Dynalink 
A2809 and put up with its minor shortcomings. se 
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Pye 1951 5-Valve 
Model APJ-Modified 


Pye’s 1951 Model APJ-Modified is a con- 
ventional post-war receiver featuring three 
shortwave bands, a 5-valve superhet 

circuit and a cut-price timber cabinet. It also 
has a trap for the unwary - an output trans- 
former frame that’s connected directly to the 


HT from the rectifier! 


HE MODEL APJ Modified was one 
of Pye’s first Australian-built ra- 
dios. Manufactured in 1951, it reflects 
the shortages imposed by World War 
2 on Australian society at the time. 
The first thing you notice is that the 
simple timber case is made of 5-ply 
timber. In this respect, contemporary 
timber cabinet Astors and STC radios 
both had similar minimalist construc- 
tion techniques during the early 1950s. 
The veneered cabinets have character 
but they don’t really compare to the 
high-quality timber cabinets seen on 
pre-war radios. 
Pye’s model APJ is some 520mm 
wide, so it is quite a large mantel ra- 
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dio. It uses a fairly standard superhet 
circuit with a proven valve line-up 
and the only two real advances incor- 
porated into the radio for the time are 
a thermo-mouldable plastic surround 
(ie, not Bakelite) and a 6AV6 minia- 
ture valve. 

As well as tuning the standard 
broadcast band, this radio also cov- 
ers three shortwave bands and the 
dial shows the wavelengths on which 
major European world services could 
be heard. The colours on the dial con- 
veniently correspond with the colour- 
coded wave change switch on the side 
of the radio, making it easy to select 
the desired band. 


This was a time when “new Aus- 
tralians” from Europe were keen to 
maintain contact with their country 
of birth, so shortwave listening was 
popular. This pastime has now virtu- 
ally ceased, as the internet and other 
media services have made shortwave 
services an anachronism. As revealed 
later, I accidentally confirmed just how 
little ofthe shortwave spectrum is now 
used for transmissions. 


Circuit details 

Fig.1 shows the circuit details of 
Pye’s Model APJ Modified, as detailed 
in the Australian Official Radio Ser- 
vice Manual (AORSM) of 1951. As 
can be seen, the front-end is rather 
densely packed with the band-change 
coils and selection switches. The 
mixer-oscillator valve (6J8G) is at the 
core of all these circuits and provides 
a 455kHz IF signal which is then fed 
via the IF transformer (53) to an IF am- 
plifier stage based on a 6U7G. There 
is no tuned RF amplification, so only 
a 2-gang tuning capacitor is required. 

This is the “modified” version ofthe 
circuit. but that doesn’t reflect a later 
improvement to the original circuit. 
Instead, it’s a reflection of the early 
1950s when many commodities were 
in short supply. This was a time when 
bricks and cement were rationed for 
new home builders. Similarly, some 
valve types were hard to obtain. 

The unmodified front-end circuit 
is shown in Fig.2 and this features a 
miniature 6AN7 valve as the converter. 
The Pye service notes state that “it was 
intended to use a converter valve type 
6AN7 in the model APJ receiver. As 
supplies of this valve were not avail- 
able at the time of production, a type 


Warning|High\Voltages! 


Note that the output transformer 


in this set is mounted on an in- 
sulated stand-off from the chas- 
sis and its exposed metal frame is 
connected to the full HT voltage. 
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6J8 or 6J8A converter valve was used”. 

The 6J8 used in the radio described 
here is aconventional octal valve with 
a grid terminal at the top. The valve 
is fitted with an earthed goat shield to 
keep it stable and reduce interference; 
it was referred to as a goat shield, be- 
cause it was made by acompany called 
Goat Radio Tube Inc in the USA. 

The service notes offer the following 
information: “the alterations made to 
use the 6J8 are as follows: (A) 60,000 
Ohm resistor number 41 changes to 
30,000 Ohms 1 watt and becomes num- 
ber 69. (B) 6pF condenser 68 is deleted. 
(C) 4pF condenser 67 is deleted. (D) 
200 Ohm resistor 47 changes to 200 
Ohms 1/2 Watt and becomes compo- 
nent 70. (E) A valve shield part PN217 
is required and a valve shield earth 
clip. (F) The 9-pin socket is changed 
to an 8-pin socket part PM532. (G) A 
grid clip part 873/495 is required for 
the 6J8 control grid”. 

The octal 6U7 IF amplifier that fol- 
lows the 6J8 also has a close fitting 
goat shield. The 6U7 in this radio had 
a broken octal locating spigot. Fortu- 
nately, the earth-contact strap for the 
shield clearly indicates pin 1. 

The amplified IF signal from the 
6U7G is fed via a second IF trans- 
former (54) to a 6AV6 double-diode 
triode valve. This valve is fitted to a 
7-pin socket which in turn is attached 
to the chassis using an adapter that fits 
a hole punched for an octal valve. It is 
clear from the high number of punched 
holes in the APJ’s chassis that this 
chassis was used as a platform for a 
range of products. In this set though, 
“APJ-846” is stamped into the chas- 
sis adjacent to the 6AV6 socket to aid 
identification. 

The 7-pin miniature 6AV6 has three 
‘functions: (1) it acts as a detector to re- 
cover the audio signal from the IF sig- 
nal, (2) it rectifies the IF to produce an 
AGC signal and (3) the triode section 
acts as an audio preamplifier stage. 
The valve is supplied with a simple 
slip-on metal shield that’s earthed with 
copper braid. 

The recovered audio from the 
6AV6’s detector is fed to a 6V6G au- 
dio output valve. This is a large octal 
valve that was used in the majority of 
Australian radios from the late 1930s 
until the 1950s. It was also made as 
the physically more compact 6V6GT. 

The 6V6 is designated as a beam- 
power tetrode and was introduced by 
Ken-Rad in 1936. It was later super- 


siliconchip.com.au 


OVOGT 


6AV6 


6U76 


6586 or 6J8GA 


20K 
Thid’ 


@ 


=” P8599 
signal is fed from the octal 


Ne eer RR manhwa mnn ee ee ee 
diode triod valve. The 6AV6 acts as a detector to recover the audio signal from the IF signal 


ee shortwave bands and containing five valves. An amplified IF 


former (54) and then to a 7-pin 6AV6 double- 


“APJ” MODIFIED CIRCUIT 
which is then fed to the 6V6G audio output valve. 


(A) 6J8G oe GJ8GA VALVE IN PLACE OF GAN7 VALVE. 


230V, SOCYCLE INPUT To zao-aso veras 
(B) NEW HT. FILTER CIRCUIT. 


Ov. 
MODEL 


Ce eee ce weet 
1000 OKM/VOLT METER. 


Tez 455 Keys. 


rii 


— 
T 


Fig.1: Pye’s Model APJ-Modified set is a superhet design covering thr 


6U7 valve to an IF trans 
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seded in the 1950s by the 6AQ5 (Mul- 
lard-Philips EL90), a miniature 7-pin 
valve with ratings virtually identical 
to the 6V6. 

Although both variants of the APJ 
model had a primary HT of 285V, the 
modified variant changed the 6V6 
cathode bias resistor from 3002 to 
400Q to generate a higher negative grid 
bias. The presumably better placed the 
valve in its linear response range for 
less distortion. Certainly, this radio 
was capable of delivering a high vol- 
ume with good fidelity. 

An additional change for compo- 
nent economy in the modified APJ was 
to replace component 61, a 14 Henry 
80mA choke, with two 5kQ resistors 


| ” a 
You can see two replacement 22uF 450V HT filter capacitors near the centre 
16pF electrolytics and the increased capacitance provided improved filteri 


Bil 
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in parallel. The radio featured here 
has these resistors and these would 
be much cheaper than using a choke 
to help filter the HT from the 5Y3GT 
rectifier valve. 

In this radio, a previous owner had 
replaced the two HT filter electrolytics. 
Both are specified as 16uF types on 
the circuit and both were housed in 
the same can on the top of the chassis. 
The replacement capacitors were 22uF 
450V types and although the choke 
was absent (having been replaced with 
the resistors) the filtering was effective 
because hum was negligible. 

Fortunately, the original capacitors 
had simply been disconnected from 
the circuit and the can left in place 


Rear view of the Model APJ- 
Modified set and the base of an 
octal 6U7G IF amplifier. 


adjacent to the 6V6 output valve. The 
new capacitors were simply wired into 
place underneath the chassis. 

The rectifier valve in this radio is a 
5V4, rather than a 5Y3 as shown on 
the circuit. The 5V4 is pin-compatible 
with the 5Y3 but has less internal re- 
sistance. The circuit diagram indicates 
that the HT (high-tension voltage) from 
the rectifier should be 285V DC but 
with a 5V4 in place, the measured HT 
was 329V. The radio was designed for a 
230VAC supply, so the higher 240VAC 
mains at my house also contributed to 
the elevated HT. 

Inserting a 1.5kQ 5W resistor in se- 
ries with pin 8 of the 5V4 brought the 
HT back to a more reasonable 280V. 


of the set. These were originally 


p 
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Fig.2: a 6AN7 converter valve was originally meant to be used, 
but due to a shortage of this type of valve during production, a 
6J8 or 6J8A converter valve was used instead. 


This also eliminated occasional arc- 
ing (induced by the overvoltage) that 
could be seen as flashes between the 
output transformer primary (at full HT) 
and the earthed secondary. 

And here a word of warning! If you 
come across one of these radios, note 
that the output transformer is mount- 
ed on an insulated stand-off from the 
chassis and its exposed metal frame 
is connected to the full HT (see Fig.1). 
The manufacturer provides no spe- 
cific warning of the extreme danger, 
although a decal on the chassis does 
give a general warning as to the pres- 
ence of high voltages. 

So why was the output transformer’s 
frame connected to the HT? The reason 
is that connecting the transformer’s 
frame to its primary (and thus to the 
HT from the rectifier) helps prevent 
electrolytic spot corrosion of the fine 
wire used in the winding. 


Chassis restoration 
Superficially at least, the radio 
looked reasonably serviceable as it 
came to me. The speaker had obvi- 
ously been replaced at some time in 
the past, because the Plessey brand did 
not appear until the 1960s, well after 
the set had been manufactured. The 
replacement speaker was also a twin- 
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LOG 


ATRAN 


cone type which made it all the better 
for quality though not authenticity. 

A couple of problems were also 
immediately evident. First, the wir- 
ing to the grid cap of the 6U7 was in 
rather a poor state and would have to 
be replaced. In addition, the external 
insulation on the mains transformer 
had broken away, exposing the low- 
voltage filament windings. 

Removing the chassis exposed fur- 
ther problems. The first thing I noticed 
was that it was covered in a uniform 
brown staining that was particularly 
evident on the plates of the tuning 
gang. This radio had obviously spent 
quite some time absorbing nicotine in 
a household of smokers. 

The nicotine staining was so perva- 
sive and intractable to mild cleaning 
that it was a job for degreaser. First, the 
valves were removed, the loudspeaker 
detached and the mains transformer 
water-protected by covering it with 
plastic wrap. The chassis was then 
judiciously sprayed with degreaser, 
brushed clean with water and thor- 
oughly dried with compressed air. 

The plates of the tuning gang 
emerged from this process positively 
gleaming. Many corrosion spots were 
then removed from the steel chassis by 
scouring with steel wool, taking care 


A particular problem in this set is that the HT from the 
rectifier and the secondary of the output transformer 
were connected to its frame, which was insulated from 
the chassis. This particular set also had excessive HT 
of 329V which caused occasional arcing between the 
output transformer primary and the earthed secondary. 


to blow debris away. The speaker was 
kept well away during this process, as 
iron particles will attach themselves 
tenaciously to speaker magnets. 
Looking under the chassis revealed 
that most of the original paper capaci- 
tors had already been replaced, so that 
was a good start. One paper capacitor 
still in place was the 0.05uF cathode by- 
pass on the 6U7 valve. Unfortunately, it 


rises 


The outer insulation on the mains 
transformer was broken exposing 
some of the low voltage windings. 
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The “Pye-Unicam” brand first became 
familiar to me from the 1960s when it 
was encountered on high-quality labo- 
ratory equipment, particularly spectro- 
photometers. “Pye” is a family name, 
while “Unicam” is a contraction of The 
University of Cambridge. 

W. G. Pye & Co Ltd was founded in 
1896 by William George Pye, an employ- 
ee of the Cavendish Laboratory at Cam- 
bridge, as a part-time business making 
scientific instruments. By developing a 
line of thermionic valves during WW1, 
Pye was among the first to manufacture 
a radio receiver for the first UK broad- 
casts made by the British Broadcasting 
Company in 1922. 

In Australia, Pye opened a large fac- 
tory in Clayton (Melbourne) in 1950 
and specialised in 2-way radio com- 
munications equipment. Domestic ra- 


blocked access to the lead to the 6U7’s 
grid cap. Removing it allowed the grid 
cap lead to be replaced, after which the 
capacitor was replaced with a modern 
equivalent. Any remaining paper ca- 
pacitors were also replaced. 

Next, I removed the knot restrain- 
ing the mains cord and fitted a prop- 
er chassis clamp. I then powered the 
set up and with no valves in place, it 
consumed 7W. What’s more, the two 
dial lamps lit up as expected and the 
transformer remained cool, so the ini- 
tial indications were promising. 

It’s interesting to note that the dial 
lamps are powered from a 5.9VAC 
tap on the 6.3VAC filament winding. 
The lamps themselves are specified 
as 6-8V types, so operating them at 


A Brief History Of Pye 


= = 


pre PROPRIETARY LT Dee SESE SSS 


Pye Australia building at Clayton; image courtesy of Kevin Poulter 


www.pyetelecomhistory.org/comphist/australia-parti.html 


dios were a less important line and it 
is probable that they were made in a 
separate factory in Abbortsford, Mel- 
bourne (perhaps a reader could provide 
some definitive information on the radio 
manufacturing site). 

Continued diversification and Asian 


5.9VAC should result in good lamp 
life. Although nominally 6.3VAC, the 
measured filament voltage was in fact 
6.5VAC, no doubt due to the fact that 
the set was originally designed for a 
230VAC input. 

At this point, the valves were in- 
stalled, the speaker reconnected and 
the set powered up again. I was opti- 
mistic that it would work but unfor- 
tunately, I was unable to tune any sta- 
tions and only crackling noises came 
from the speaker. 

Some gentle prodding soon pointed 
to the 6AV6 valve as the source of the 
crackling. It was making intermittent 
contact with its socket and after clean- 
ing the valve pins the crackle went 
away. However, I was still unable to 


The cleaned chassis without any of 
the valves attached, a degreaser was 


4 used to remove the nicotine stains 
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from the set. 


competition eventually led to Pye be- 
coming unprofitable. From 1966, the 
company was progressively taken over 
by Philips, who still use the Pye brand 
for niche audio products. This has made 
Pye one of the longest surviving brands 
in the field of electronics. 


tune any stations across the band. 

It was then that I realised that the 
wave-change selector switch was set 
to the lowest of the shortwave bands. 
I rotated the switch to the broadcast 
band and the set came to life. It per- 
formed quite well, the only problem 
being intermittent changes in the vol- 
ume. This problem was quickly traced 
to a dry joint in the negative feedback 
connection at the output transformer’s 
secondary and fixed. 


Restoring the cabinet 


Over the years, heat from the valves 
had cracked the lacquer applied to the 
cabinet, indicating that this set had 
had a long service life. To fix this, the 
timber was sanded back to remove all 
traces of lacquer, after which a light 
oak stain was applied to give more 
character to an otherwise bland ap- 
pearance. The exposed edge of the 
plywood used for the face board was 
then painted black. 

Several coats of satin-finish polyu- 
rethane were then sprayed on, with 
light sanding between coats. Then an 
enamel Pye badge was fixed to the top 
of the cabinet to replace the Pye decal 
lost by sanding. 

Finally, the knobs had silver paint 
brushed into their individually etched 
labels for volume, tone and tuning. 
And that was it — the set is a good 
performer and has been added to my 
collection. sc 
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ASK SILICON CHIP 


Got a technical problem? Can’t understand a piece of jargon or some technical principle? Drop us a line - 


and we’ll answer your question. Send your email to 


silicon@siliconchip.com.a 


Problem with 8-digit 
Frequency Meter 


Iwas hoping for some advice on how 
to correct a failed attempt at build- 
ing the 8-digit Frequency Meter from 
the August 2016 issue. When I apply 
power, the LCD illuminates with the 
top row as all blocks and no text on 
the second row. Pressing the momen- 
tary switches has no effect, nor does 
applying a signal to the BNC input. 

Ihave done all of the usual checks: I 
tested every component before instal- 
lation and followed the instructions 
implicitly. I have verified the 5V rail 
and adjusted VR1 for 2.5V (although 
I am aware that this would be incon- 
sequential to the LCD display). I have 
tested all of the LCD contacts for con- 
nectivity to the PCB and eliminated 
the possibility of short circuits. 

I did install the PIC with the correct 
orientation but noticed while trouble- 
shooting that the angled tabs on the 
back of the metal casing of the LCD 
may have contacted pin 9. I cannot 
see how this could have caused any 
grief. I also noticed, upon removal 
from the conductive packaging foam, 
that the PIC had a couple of pins bent 
in a “c” shape. I assume they are test- 
ed prior to dispatch. (I am grasping at 
straws here!) 

I don’t have the means to test the 
integrity of the PIC program. I am just 
wondering is there anything I am miss- 
ing prior to ordering a replacement mi- 
crocontroller chip? I don’t thinkI am a 
complete klutz as I have successfully 


Your Universal Temperature 
Alarm project in the July 2016 issue is 
something I could use to keep control 
of the temperature in my workshop. 

When I want to use two-pack paint 
on an old car I’m restoring, the paint 
manufacturer recommends close con- 
trol over temperature. Temperature 
can vary considerably from minute 
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built the 12-digit meter from the Janu- 
ary 2013 issue and the 50Mhz counter 
from the October 2003 issue. 

Any assistance would be greatly ap- 
preciated. (S. S., Zillmere, Qld) 

@ The rows of blocks on the LCD 
suggests that the module is not being 
driven correctly, either through no 
connection or a short between the data 
lines D7, D6, D5 and D4 and the RS 
and enable of the LCD module. Check 
that pins 5, 7, 8, 9 and 10 on the LCD 
are all connected to circuit OV (GND). 

Also, check the continuity from pin 
13 of IC5 to pin 14 of the LCD, pin 12 
of IC5 to pin 13 of the LCD, pin 11 of 
IC5 to pin 12 of the LCD, pin 10 of IC5 
to pin 11 of the LCD, pin 18 of IC5 to 
pin 4 of the LCD and pin 17 of IC5 to 
pin 6 of the LCD. 

Check for any shorts between these 
pins and check the solder connections 
to the pin header on the PCB and the 
socket strip on the LCD module. 

Other possible causes of this type of 
problem are that IC5 isn’t being sup- 
plied with 5V, pin 4 is not at 5V and 
that the crystal oscillator is not run- 
ning. Check IC5 for OV and 5V at pins 
5 and 14 respectively, check pin 4’s 
voltage and if possible, verify that the 
crystal oscillator is operating. 

If those checks don’t turn up any 
problems, suspicion must rest on the 
microcontroller either being faulty or 
it is not programmed correctly. 

We normally verify the program- 
ming of all chips before we supply 
them however your comment about the 
micro’s pins being bent is a concern. 


Temperature) Control|with the Universal Temperature Alarm 


to minute here in the Southern High- 
lands, especially in winter! 

It’s a pity John Clarke did not 
allow for a small relay to control a` 
larger external one to switch a heat- 
er, fan or whatever. Is it possible to 
add a small relay, perhaps parallel 
to the High LED or the Low LED or 
both, to control external equipment? 


We use a ZIF socket for program- 
ming DIP micros and normally supply 
them pushed into anti-static foam so 
the pins should not be bent. As you 
purchased the micro from us, if all 
checks suggest that it is faulty, contact 
us for a replacement. 

Editor's note: it turns out that this 
fault was due to the fact that several 
slightly different LCD screens can be 
used for this project and the firmware 
LCD initialisation routine did not work 
correctly with all of them. Revision B 
firmware is now available (and sup- 
plied with all PICs sold from now on) 
which addresses this. 


Adjusting Tempmaster 
Mk2 temperature 


I am using the Tempmaster Mk2 
Electronic Thermostat from the Feb- 
ruary 2009 issue to convert an old 
fridge to a wine cooler. It works fine 
except that the temperature setting is 
too low and I want to raise it by around 
9°C to achieve a fridge temperature of 
around 16°C. 

I understand that to do this I need 
to adjust trimpot VR1 using a small 
screwdriver. However, I would like to 
know whether I need to turn it clock- 
wise or anticlockwise to raise the tem- 
perature to avoid a lot of trial end er- 
ror. (G. M., Hughesdale, Vic) 
© If you have a look at the circuit of 
Fig.1, the cooling configuration, in- 
creasing the resistance of VR1 will 
raise the temperature so you can use 
a multimeter to measure its resistance 


(H. M., Bowral, NSW) 
@ It seems that our Tempmaster 
Mk.3 project from the August 2014 
issue would be a better match for 
your application. It is available as 
a kit from Jaycar (Cat KC5529) or 
we can supply the PCB for the pro- 
ject — see www:siliconchip.com.au/ 


Shop/8/2786 
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while you twiddle the adjustment 
to confirm. Normally, the pot would 
be fitted so that clockwise rotation 
increases the temperature however to 
be 100% sure, you should check that 
clockwise rotation does increase the 
resistance between its terminals at ei- 
ther end. 

Having said that, 16°C seems a bit 
high for wine storage, especially white 
wines. 


Guitar preamp buzz on 


balanced line outputs 


Ihave recently completed two of the 
2-Channel Guitar Preamplifier units 
(SILICON CHIP, November & Decem- 
ber 2000) and at present one is being 
used for a guitar and the other for a 
keyboard. 

After constructing both units and 
going through the preliminary testing 
requirements, both units produced 
the expected voltages. Upon connect- 
ing both to separate inputs on a mix- 
ing desk and an amplifier, I found that 
both units worked perfectly when used 
with the unbalanced line output. The 
output signal was very clear and no 
other noises were noted. 

However, connecting the balanced 
line output to the mixing desk result- 
ed in a loud buzzing noise and an ex- 
ceptionally loud output signal which 
had to be reduced to basically zero on 
the units' channel input pot, VR1. The 
channel input pot then gave virtually 
no control over the actual volume on 
both units. 

My understanding is that the chan- 
nel input pot (VR1) controls the chan- 
nel input signal level and the volume 
control (VR5) controls the unbalanced 
line output signal level. 

With the balanced output signal 
level, I believe the balanced line is 
controlled just by the channel input 
control (VR1) with VR5 having no 
effect at all. 

I think the buzzing noise may be 
caused by a balanced signal earth- 
ing problem but I don’t understand 
why I can't adjust the volume prop- 
erly. Your thoughts would be great- 
ly appreciated as I would like to be 
able to connect the balanced line out- 
put to the mixer without the buzzing 
noise/input level problems. (D. W., 
Alexandra Hills, Qld) 
© The high signal level from the bal- 
anced output is the same level as that 
from the unbalanced output when 
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I purchased the Digital/Analog 
USB Data Logger, published in De- 
cember 2010, by Mauro Grassi. The 
device is part of an on-going project 
which I have not yet completed. Ini- 
tially I connected it to my Windows 
XP PC however the PC no longer 
runs and I was forced to upgrade to 
Windows 10. The USB drivers for the 
device will not load on my Windows 
10 PC. I get the following message: 

“Windows found driver software 
for your device but encountered a 
error while attempting to install it.” 

“The third party INF does not con- 
tain digital signature information.” 
(C. J., Parkinson, Qld) 

@ We haven’ttried the USB Data Log- 
ger on Windows 10. As it is a 2010 
design, there’s no guarantee it will 


VR5 is at maximum. That level is line 
level, at around 770mV to 1V RMS. On 
a sound mixing desk, the balanced in- 
puts are usually set up for microphone 
signal levels which are only about 10- 
50mV RMS. 

There should be an attenuator for 
the balanced input on the mixing desk 
to accommodate the higher signal, 
activated with either a pushbutton 
switch or rotary control. 

For unbalanced inputs on a sound 
desk mixer, the input is usually set 
up for line levels (770mV to 1V). That 
would be why the levels appear to be 
so different between using a balanced 
and unbalanced signal from the guitar 
preamp to the mixing desk. 

To reduce the balanced level, you 
could attenuate the signal in a simi- 
lar way as VR5 but using a dual gang 
pot to attenuate both output signals. 
Or connect pin 3 of IC4d to pin 5 of 
IC4b and remove the 220nF (0.22pF) 
capacitor at pin 5. That will allow VR5 
to reduce the balanced level as well as 
the unbalanced level. 

The hum with balanced connections 
could just be due to the highly ampli- 
fied signal. The same earth is used for 
balanced and unbalanced connections 
so if it was the earth, then it should 
be producing hum for the unbalanced 
connection as well. 

However, if reducing the balanced 
output level does not cure the hum, 
you may need to disconnect the pin 1 
earth from the balanced output XLR 


Using| USB) Data|Loggerwith\Windows10 


work, however we think it might. 

Based on the error message you've 
quoted, you will need to enable the 
ability to install unsigned drivers be- 
fore it will have a chance to work. 
You can find information on how to 
do that here: 

http://acer.custhelp.com/app/ 
answers/detail/a_id/38289/~/win- 
dows-10%3A-disable-signed- 
driver-enforcement 

By the way, you might want to 
check whether it will work with- 
out installing drivers. Many USB 
devices which required drivers to 
be installed in earlier versions of 
Windows now work without them 
in Windows 10, as it incorporates 
some automatic USB serial inter- 
face detection. 


connector. Alternatively, there may be 
an open circuit connection for one of 
the balanced signals in the XLR lead 
used to connect the guitar preamplifier 
balanced output to the mixing desk. 


Cutting grooves for the 


Currawong cabinet 


The Currawong Stereo Valve Ampli- 
fier project (November 2014-January 
2015) calls for a 2mm-wide groove, 
9mm deep in the timber cabinet. 

I have scoured the internet and the 
closest router bit I can find is 2mm 
wide witha 1/4" shank which will only 
give amaximum depth of 4.8mm. The 
minimum diameter cut for a Dremel 
router bit is 3.17mm. So what type of 
router bit did you use for this project? 
(B. P., Tea Tree Gully, SA) 
© We used a 2mm router bit that 
which was able to cut to a depth of 
9mm. If you can only cut to 4.8mm, 
use a tenon saw to carefully increase 
the depth of the groove. Alternatively, 
use a Slightly larger diameter router 
bit, up to say 2.5mm. 


No over-temp alarm in 


Cooling System Monitor 
` The heading for the Arduino-based 
Cooling System Monitor article in the 
June 2016 issue says "It monitors the 
speed of the fans, the water flow and 
temperature and sounds an alarm in 
the event of a malfunction..." 
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Tam hoping you can offer me some 
help with the Semtest published in 
2012. I have built this project and I 
am having some problems. At power 
up, the unit has no text display other 
than the boxes on the display panel 
which can be revealed by increasing 
the contrast. The backlight on the 
display is also operating. 

I have verified the connectivity of 
the three ribbon cables by point to 
point continuity testing. The voltages 
on REG1 are correct. The voltages 
marked on the circuit on both up- 
per and lower PCBs all appear to be 
correct and VR2 has been adjusted 
to supply 2.49V to the micro. I have 
established that the crystal is oscil- 
lating at pin 14 of the micro. 

None of the pushbuttons has any 

effect on the display. I am powering 
the unit from a bench supply which 
indicates that the unit is drawing 
less than 100mA. I have a reasona- 
ble degree of confidence that I have 
correctly installed the componentry 
and that there are no solder faults. 
Can you suggest a troubleshooting 
approach? As always, your help will 
be greatly appreciated. (B. D., Hope 
Valley, SA) 
@ The boxes on your display are the 
5x7 pixel dot matrices, which nor- 
mally each display one ASCII char- 
acter. It sounds like no characters 
are displayed and you have turned 
up the contrast far enough to reveal 
these matrices as black rectangles. 
This suggests that either the software 
on the micro is not running or if it 
is, its data output is not reaching the 
LCD module. 


As far as Ican see is it won't generate 
an alarm if the temperature rises too 
high. Correct me if I'm wrong. Should 
it sense the water temperature? What if 
the air flow is blocked and the opera- 
tor is asleep? (R. W., Mount Eliza, Vic) 
@ It only monitors temperature in 
the sense that it is displayed; it will 
not trigger an alarm. It would not be 
terribly difficult to modify the software 
to sound an alarm on over-tempera- 
ture. You would just need to use an 
analog input and check if the voltage 
is over or under a particular threshold, 
depending on how the temperature 
sensor is driven. 
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Problemsjgetting SemTestidisplay/to\work 


The first thing to check would be 
that the PIC16F877A has been prop- 
erly programmed. Since it seems you 
purchased it from SILICON CHIP, we 
are assuming it has been. 

Since you have checked all of the 
main voltages on both boards, veri- 
fied that the micro’s crystal oscilla- 
tor is working, and also checked the 
three interconnecting ribbon cables 
for continuity, there seems to be not 
much left to explain the unit’s non 
operation. As such, you will prob- 
ably need an oscilloscope to track 
the problem down. 

If the micro is sending text to the 
LCD (as it should be), you should be 
able to find a string of two microsec- 
ond wide positive-going pulses (of 
around 5V peak-to-peak) appearing 
on the EN line. This is the line com- 
ing from pin 8 of the micro (IC4) to 
pin 3 of CON2, and then passing up 
via the smaller ribbon cable to pin 3 
of CON5 on the upper PCB, and fi- 
nally to pin 6 of the LCD. 

These pulses are sent by the mi- 
cro to direct the display controller to 
accept another character for display, 
so soon after power is first applied 
to the SemTest circuit, there should 
be a series of 32 of these pulses sent 
up via the EN line to get the display 
controller to accept the 32 characters 
(2 lines of 16) making up the initial 
greeting message screen (“SC Dis- 
crete Semi” + “conductor Tester”). 

So if your scope shows these puls- 
es present on the EN line within a 
couple of seconds after power-up, 
this will be a pretty good indica- 
tion that the problem is not due to 


In our case, we don't think there is 
much, chance that the air flow could 
get blocked and so decided it wasn't 
worth the bother to make extra con- 
nections to the temperature sensor, 
running the wiring up to the Arduino 
module and figuring out the relation- 
ship between voltage and temperature. 

The laser tube won't be destroyed 
as long as the water continues to flow 
(after all, it survived running for sev- 
eral weeks with no radiator at all). In 
the worst case, it will affect the qual- 
ity of the cutting until the job finishes 
and the operator realises that there is 
a problem. 


the micro and may be the result of a 
problem with the display itself. 

It would be a good idea to use your 
scope to make sure these pulses are 
making their way right up to pin 6 
of the LCD. If they are, this will also 
rule out a problem with the ribbon 
cable and its connectors on the two 
PCBs. Ifthey’re present at pin 8 of the 
micro but not reaching pin 6 of the 
display, this will indicate a problem 
with the cable and its connectors. 

Incidentally, we have heard of 
problems caused by IDC ribbon ca- 
ble connectors, sometimes due to bad 
crimp connections between the rib- 
bon cable conductors and the plug 
pin tails, and sometimes due to dry 
joints where the socket pin tails are 
soldered to the PCB pads under- 
neath. So check for these possible 
problems very carefully if you do 
find that the EN pulses are not get- 
ting to pin 6 of the display. 

Even if the EN pulses are getting 
through to the display, it’s still pos- 
sible that your problem may be due 
to a bad connection on one of the 
other lines to the display. For exam- 
ple, there might be a break in the RS 
line (pin 9 of the micro to display pin 
4), or in one of the four data bit lines 
(pins 15-18 of the micro, pins 11-14 
of the display). 

But these won’t be as easy to check 
with your scope, because they are 
a bit more complex. Ideally you’d 
need to check the signals on each 
line at both ends — to compare the 
waveforms and see if they match. 
This would be easiest done with a 
2-channel scope. 


In a more critical situation such as 
an automotive radiator you would 
probably wire up the temperature 
sensor to generate an alarm. 

The Arduino software already 
includes code to read an analog input 
(the fan speed control pot) so it should 
not be a difficult job. 


Replacing faded LEDs 
in the LED Superclock 


I built the Mesmeriser LED Clock 
(June 2005), also known as the LED 
Superclock or Clock Watcher's Clock, 
when it first came out and it has been 
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Ihave just installed a solar bore on 
my property and thought it would be 
great if it could track the Sun. The 
mounting system could be adapted 
but I cannot find any kits online to 
do this. 

Can you advise if SILICON CHIP 
has published a suitable circuit? If 
not, can you add it to your list as 
solar power is such a great free en- 
ergy source. Getting more out of the 
panels can only make it more useful. 

I am also looking at finding a 
way to indicate the standing and 
dynamic water level in my bore to 
ensure I do not exceed its capac- 
ity. I was looking at the Tank Wa- 
ter Level Indicator article by Allan 


running non-stop ever since. The only 
problem now is that the red LEDs are 
not the same brightness any more. 

The one at the one second mark is lit 
up nearly all the time (and fairly dull 
by now) while the one at the 59-sec- 
ond mark is only on very briefly and 
therefore still as bright as the day it 
was assembled. 

I was thinking of replacing all the 
LEDs to get a uniform brightness again 
but I'm not sure how feasible it would 
be due to the plated-through holes in 
the PCB. The second option would be 
to get anew PCB (if they are still avail- 
able) and then reuse the ICs, etc, as it 
wouldn't be as much work as replac- 
ing all the LEDs. 

The third option would be to buy 

a whole new kit and start again, but 
it seems they are no longer available 
from Jaycar. Any thoughts or sugges- 
tions would be very much appreciated. 
(T. N., Carter's Ridge, Qld) 
@ It is a bit disappointing that the 
LEDs have faded. Unfortunately, the 
kit and PCB is no longer available 
so the only practical approach is to 
replace the LEDs. 

It should be relatively easy to get 
the LEDs out and then clear the holes 
with a solder sucker; simply heat both 
pads and gently pull the LED out be- 
fore clearing the holes individually. 

If you cannot clear some of the holes, 
it might be necessary to drill them out 
with the smallest possible drill and 
then it may be necessary to solder the 
LED legs on both sides of the PCB, but 
that's unlikely. 
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Solar tracking and water level measurement 


March in the July 2007 issue of SILI- 
CON CHIP. Do you have another one 
that you could recommend? (R. N., 
Rathdowney, Qld) 

@ We have published several so- 
lar tracker circuits as shown below: 

January 2012, Circuit Notebook: 
Solar Tracker Employs Two Photo 
Cells, by Herman Nacinovich. 

November 1995, Circuit 
Notebook: Simple Solar Tracker, by 
R. Josey. 

January 1995: Build A Sun 
Tracker For Solar Panels, by Nenad 
Stojadinovic. 

And yes, the Water Level Meter 
from the July 2007 issue should be 
suitable. 


Replacing the LEDs would be much 
easier than moving the ICs to anoth- 
er PCB as the LEDs are only soldered 
to two pads each while the ICs have 
many more pins. 


Questions about MPPT 
Charge Controller 


I was reading your article on the 
12/24V 3-stage MPPT Solar Charge 
Controller from the March 2012 issue. 
It's a nice and informative article but 
I have few simple questions. 

1) Is it a true MPPT Charge Con- 
troller? 

2) Is Mosfet Q1 a linear type? 

3)Is the Mosfet controlled by 
switching (using a PWM signal) or in 
a linear mode? 

4) Do you have any pre-built prod- 
ucts using this design? If so, can you 
supply a link? 

Thank you for your informative 
magazine. (U.A.B., Pakistan) 

@ The 12/24V 3-Stage Solar Charge 
Controller is a genuine MPPT charge 
controller. The Mosfet is a switching 
type and is driven with a PWM signal. 

An inductor is used to convert the 
voltage and current for maximum 
power transfer from the solar panel. 
We do not make any commercial prod- 
ucts. You can build the charger using 
available parts or a kit from Jaycar (Cat. 
KC5500, www.jaycar.com.au). 

Note, that we published a revised 
version of this project in the February 
and March 2016 issues which provides 
a higher charging current and greater 


efficiency and a revised kit is also 
available from Altronics (Cat. K6029, 
www.altronics.com.au). SILICON CHIP 
can also supply some of the parts for 
this project; see: www.siliconchip. 
com.au/Shop/?article=9813 


Simple low-battery 
alarm 


Having been inconvenienced by 
a flat car battery at home more than 
once, I would love a simple low bat- 
tery alarm that could be direct-con- 
nected to the battery terminals, that 
would let out an ear-piercing sound 
if the battery was discharged below a 
threshold voltage. 

Would you consider publishing a 
suitable circuit/kit that would activate 
a suitable relay? Now I don't know 
what voltage would bea safe threshold 
voltage to activate the alarm — perhaps 
between 10.5V and 11.5V? 

But I do know that having a time 

delay of approximately one minute 
would be necessary to prevent nui- 
sance alarms because of starting the 
engine. (C. D., Auckland, NZ) 
@ We published a couple of battery 
saver projects, one in July 2004 (“Ver- 
satile Micropower Battery Protector”, 
by Peter Smith) and one in Septem- 
ber 2013 (“LifeSaver for Lithium or 
SLA batteries”, by Nicholas Vinen) 
but unfortunately, both work by dis- 
connecting the load when the battery 
voltage gets low, which is not what 
you're asking for. 

Also, neither comes close to han- 
dling the current that can be drawn 
from a car battery during starting. 

Having said that, you could build 
the Battery LifeSaver and leave off 
Mosfet Q1, then connect a 5V piezo 
buzzer between the 5V output of 
REG1 and the output (pin 6) of IC1. 
The piezo would then sound when 
the battery voltage drops below the 
set threshold. 

A time delay can be accomplished 
by drastically increasing the value 
of the 10nF capacitor at pin 3 of IC1; 
you can probably fit an SMD ceramic 
capacitor of up to 100pF here, which 
would give a time delay of a minute 
or two. 

For a 12V lead acid battery, a good 
alarm point would be 11.5V but a car 
battery can be expected to drop below 
that value while cranking the engine. 
Keep in mind that when the piezo 
sounds, to warn you that the battery 
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voltage is low, its current draw will 
only speed up the battery discharging! 


Replacement lamp for 
a projector 

As you would be aware, photogra- 
phy has changed quite considerably 
over the years to an extent where it 
is easy to do almost anything with 
pictures taken with a camera. 

There is one form of photography 
which used to be very popular and 
that is a very old method which po- 
duced transparencies. 

This form of photography used a 
projector with a very bright lamp and 
a white screen or a white wall. In 
order to get a greatly enlarged picture 
on the screen, the projector must be 
placed at an optimum distance away. 

Unfortunately, my projector has 
blown its lamp. Trying to purchase 
another one in Elizabeth, South Aus- 
tralia has proved impossible. It may 
be possible to use a very bright LED 
with its own power supply as a re- 
placement lamp. 

Has SILICON CHIP ever produced 
such a project? If not, are there any 
suggestions you may make? (G. K., 
Elizabeth East, SA) 

@ While very bright white LEDs are 
now available and there are some pro- 
jectors which use a white LED light 
source, we do not know if you could 
successfully substitute a LED lamp for a 
quartz halogen projector lamp because 
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24V/ DC) Motor Speed Controllerwanted 


Ihave a 7.25” gauge ride-on mod- 
el locomotive and am looking for a 
reliable speed controller. 


The motor details are: 500W, 2700 
RPM, permanent magnet motor. 
Running speed with a load of sev- 
en adults is approximately 10km/h. 

The maximum motor current 
draw is 45A on starting and it 


the projector lamp and associated re- 
flector are designed around the point 
source of the halogen lamp filament. 
It may be possible to substitute a car 
LED headlamp but it could be quite 
difficult to adapt it for projector use. 


Trouble building 


Class-D amplifier kit 

I have just finished building 
the Jaycar KC5514/5 kit for High- 
Power Class-D Audio Amplifier 
(SILICON CHIP, November & December 
2012) with the recommended power 
supply kit (+57V). 

Everything seems to be in order as I 
have checked several times but I keep 
blowing fuse F2 (5A 250V). Any advice 
or help would be greatly appreciated. 

I also noticed a ground point on 
the power supply that I can't find 
any reference to in the instructions. I 
measured across the 57V rails and got 


Radio, Television & Hobbies: the COMPLETE archive on DUD 


This remarkable collection of PDFs covers every issue of R & H, as it was known from the beginning (April 
1939 — price sixpence!) right through to the final edition of R, TV & H in March 1965, before it disappeared 
forever with the change of name to EA. 


For the first time ever, complete and in one handy DVD, every article and every issue is covered. 


If you’re an old timer (or even young timer!) into vintage radio, it doesn’t get much more vintage than this. 
If you’re a student of history, this archive gives an extraordinary insight into the amazing breakthroughs made 
in radio and electronics technology following the war years. And speaking of the war years, R & H had some 
of the best propaganda imaginable! 


Even if you're just an electronics dabbler, there’s something here to interest you. 


Please note: this archive is in PDF format on DVD for PC. Your computer will need a DVD-ROM 
or DVD-recorder (not a CD!) and Acrobat Reader 6 or above (free download) to enable you to 
view this archive. This DVD is NOT playable through a standard A/V-type DVD player. 


runs off 24V (2 x 12V deep cycle 
batteries). 

Has SILICON CHIP published a 

speed controller that could help me? 
(J. C., Marion, SA) 
@ We are publishing a DC motor 
speed controller which would be 
ideal for your application in this 
very issue. See page 36. 


114V. I have adjusted VR1 to 8509. 
(K. S., by email) 

@ Make sure that all electrolytic ca- 
pacitors are inserted with the correct 
polarity and that Q1, Q2 and Q3 are 
electrically isolated from the heatsink 
with the insulating washers and insu- 
lating bushes. 

Also make sure you have ed the cor- 
rect values for a +50V and -50V sup- 
ply according to Table 1 on page 68 
of the December 2012 issue. 

The ground point you refer to may 
be for the mains Earth that would 
connect to a metal chassis if used. Or 
maybe you are referring to the GND PC 
stake on the amplifier that is for earth- 
ing to the heatsink. 

GND1 is a test point for allowing 
voltage measurements referenced to 
OV. The ground lift (LK1) is used to 
either break the GND connection when 
the jumper shunt is out out or inserted 

. continued on page 102 
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(02) 9939 3295 and quote your credit card number. 
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Looking for a specialised component to build that latest and greatest Siicow Cup project? Maybe it’s the PCB you're after? 

Or a pre-programmed micro? Or some other hard-to-get "bit"? The chances are they are available direct from the SILICON CHIP ONLINESHOP. 
As a service to readers, SILICON CHIP has established the ONLINESHOP. No, we're not going into opposition with your normal suppliers - 
this is a direct response to requests from readers who have found difficulty in obtaining specialised parts such as PCBs & micros. 


* PCBs are normally IN STOCK and ready for despatch when that month's magazine goes on sale (you don’t have to wait for them to be made!). 

+ Even if stock runs out (eg, for high demand), in most cases there will be no longer than a two-week wait. 

* One low p&p charge: $10 per order, regardless of how many boards or micros you order! (Australia only; overseas clients - email us for a postage quote). 
+ Our PCBs are beautifully made, very high quality fibreglass boards with pre-tinned tracks, silk screen overlays and where applicable, solder masks. 

* Best of all, those boards with fancy cut-outs or edges are already cut out to the S/L/CON CHIP specifications - no messy blade work required! 


E ) 
HERE'S HOW TO ORDER: VISA mastercard |Ray Ral 
SA Via the INTERNET (24 hours, 7 days): Log on to our secure website - All prices are in AUSTRALIAN DOLLARS ($AU) 
siliconchip.com.au, click on “SHOP” and follow the links 
ef Via EMAIL (24 hours, 7 days): email silicon@siliconchip.com.au — Clearly tell us what you want and include your contact and credit card details 


W Via MAIL (24 hours, 7 days): PO Box 139, Collaroy NSW 2097. Clearly tell us what you want and include your contact and credit card details 
WY Via PHONE (9am-5pm EADST, Mon-Fri): Call (02) 9939 3295 (INT 612 9939 3295) - have your order ready, including contact and credit card details! 


YES! You can also order or renew your SILICON GHIP subscription via any of these methods as well! 
PRE-PROGRAMMED MICROS Price for any of these micros is just $15.00 each + $10 p&p per order# 


As a service to readers, SILICON CHIP ONLINESHOP stocks microcontrollers and microprocessors used in new projects (from 2012 on) and 


some selected older projects - pre-programmed and ready to fly! Some micros from copyrighted and/or contributed projects may not be available. 
PIC12F675-1/P UHF Remote Switch (Jan09), Ultrasonic Cleaner (Aug10), PIC18F4550-1/P GPS Car Computer (Jan10), GPS Boat Computer (Oct10) 
Ultrasonic Anti-fouling (Sep10), Cricket/Frog (Jun12) Do Not Disturb (May13) PIC18F27J53-1/SP USB Data Logger (Dec10-Feb11) 


IR-to-UHF Converter (Jul13), UHF-to-IR Converter (Jul13) 


PC Birdies *2 chips - $15 pair* (Aug13). Driveway Monitor Receiver (July15)  PIC18LF14K22 Digital Spirit Level (Aug11), G-Force Meter (Nov11) 

Hotel Safe Alarm (Jun16) 50A Battery Charger Controller (Nov16) PIC32MX795F512H-801/PT Maximite (Mar11 ), miniMaximite (Nov11), Colour Maximite (Sept/Oct12), 
PIC16F1507-1/P Wideband Oxygen Sensor (Jun-Jul12) Touchscreen Audio Recorder (Jun/Jul 14) 
PIC16F88-E/P Hi Energy Ignition (Nov/Dec12), Speedo Corrector (Sept13), PIC32MX170F256B-501/SP_ Micromite Mk2 (Jan15) — also includes FREE 47uF tantalum capacitor 


Auto Headlight Controller (Oct13) 10A 230V Motor Speed Controller (Feb14) Micromite LCD Backpack [either version] (Feb16) GPS Boat Computer (Apr16) 
Automotive Sensor Modifier (Dec16 Micromite Super Clock (Jul16) Touchscreen Voltage/Current Ref (Oct-Dec16) 
heen PIC32MX170F256B-I/SP Low Frequency Distortion Analyser (Apr15) 


PIC16F88-I/P Projector Speed (Apr11), Vox (Jun11), Ultrasonic Water Tank Level (Sep11), 3 aih MA 4 h i 
Quizzical (Oct11) Ultra LD Preamp (Nov11), 10-Channel Remote Control PIC32MX170F256D-501P/T 44-pin Micromite Mk2 (Now with Mk2 Firmware at no extra cost) 


Receiver (Jun13), Revised 10-Channel Remote Control Receiver (Jul13), PIC32MX250F128B-I/SP GPS Tracker (Nov13) Micromite ASCII Video Terminal (Jul14) 

Nicad/NiMH Burp Charger (Mar14) Remote Mains Timer (Nov14), PIC32MX470F512H-I/PT Stereo Audio Delay/DSP (Nov13), Stereo Echo/Reverb (Feb 14), 

Driveway Monitor Transmitter (July15) Fingerprint Scanner (Nov15) Digital Effects Unit (Oct14) 

MPPT Lighting Charge Controller (Feb16) 50/60Hz Turntable Driver (May16) PIC32MX470F512H-120/PT Micromite PLUS Explore 64 (Aug 16) Micromite Plus LCD BackPack (Nov16) 

Cyclic Pump Timer (Sep16) 60V 40A DC Motor Speed Controller (Jan17) pie s9mxq70F512L-120/PT Micromite PLUS Explore 100 (Sep-Oct 16) 
PIC16LF88-1/P Garbage Reminder (Jan13), Bellbird (Dec13) dsPIC33FJ128GP802-I/SP Digital Audio Signal Generator (Mar-May10), Digital Lighting Controller 
PIC16LF88-1/SO LED Ladybird (Apr13) (Oct-Dec10), SportSync (May11), Digital Audio Delay (Dec11) Level (Sep11) 
PIC16LF1709-1/SO Battery Cell Balancer (Mar16) Quizzical (Oct11), Ultra-LD Preamp (Nov11), LED Musicolor (Nov12) 
PIC16F877A-1/P 6-Digit GPS Clock (May-Jun09), Lab Digital Pot (Jul10) dsPIC33FJ64MC802-E/P Induction Motor Speed Controller (revised) (Aug13) 

Semtest (Feb-May12) - dsPIC33FJ128GP306-I/PT CLASSIC DAC (Feb-May 13) 
PIC18F2550-1/SP Batt Capacity Meter (Jun09), Intelligent Fan Controller (Jul10) ATTiny861 VVA Thermometer/Thermostat (Mar10), Rudder Position Indicator (Jul11) 


When ordering, be sure to nominate BOTH the micro required ANU the project for which it must be programmed. 
SPECIALISED COMPONENTS, HARD-TO-GET BITS, ETC P&P - $10 Per order# 


: NEW THIS MONTH: 4 MICROWAVE LEAKAGE DETECTOR - all SMD pars: (4pr16) $10.00 


£ $6200 AMPLIFIER MODULE (JAN 17) 
hard-to-get parts: 08-016, D2-D4, 220pF/250V capacitor and five SMD resistors 35.00 $ BOAT COMPUTER - (REQUIRES MICROMITE LCD BACKPACK — $65.00 [see belowl) (Apr16) 


i W 40h C MOTOR ee — ou JAN 17) : BOAT COMPUTER - VK2828U7G5LF TTL GPS/GLONASS/GALILEO module with antenna & cable: $25.00 
° COMPUTER INTERFACE MODULES - e2102 USB-UART bridge (JAN 17) Pe a £ BOAT COMPUTER - VK16E TTL GPS module with antenna & cable: (Aprié) $20.00 
Rien ere See radari a A ES S he 50 $ ULTRASONIC PARKING ASSISTANT (REQUIRES MICROMITE LCD BACKPACK - $65.00 [see below] 
TOUCHSCREEN VOLTAGE/CURRENT REFERENCE: (DEC 16) Ultrasonic Range Sensor PLUS clear lid with cutout to suit UB5 Jiffy Box (Mar 16) $7.50 
MICROMITE LCD BACKPACK KIT (programmed to suit) PLUS UB1 Lid $70.00 | BATTERY CELL BALANCER 
reac MATIE BLACK LUID (to pu ve Jiffy Box) Sa $10.00 ALL SMD PARTS, including programmed micro (Mar 16) $50.00 
win Tae CB Bau Snes parts (nat including BackPack MICROMITE LCD BACKPACK ***** COMPLETE KIT ***** (Feb 16) *$65.00 
a p ; 
modules IKly box; power. supply or wires/cables) $99.00 includes PCB, micro and 2.8-inch touchscreen AND NOW INCLUDES LID (specify clear or black lid) 
MICROMITE PLUS LCD BACKPACK **COMPLETE KIT** (NOV16) $70.00 VALVE STEREO PREAMPLIFIER - (Jan 16) $30.00 
(Includes PCB, micro, 2.8-in touchscreen, all SMD parts & lid) 1004H SMD inductor, 3x low-profile 400V capacitors & 0.332 resistor 
PASSIVE LINE TO PHONO INPUT CONVERTER - ALL SMD PARTS (NOV16) $5.00 MINI USB SWITCHMODE REGULATOR Mk II all SMD components (Sept 15) $15.00 
pen oiek SRN ade ge iss (NOV76) $70.00 ARDUINO-BASED ECG SHIELD - all SMD components (Oct 15) $25.00 
: ‘ae : 4 ULTRA LD Mk 4 - plastic sewing machine bobbin for L2 — pack 2 (Oct 15) $2.00 


MICROMITE PLUS EXPLORE 100 **COMPLETE KIT (no LCD panel)** (SEP16) $69.90 E 
(includes PCB, programmed micro and the hard-to-get bits including female headers, USB and microSD ed eee Oe ae 


Sockets, oly sta) ete butddes:nobmelds the: LCD panel) MINI USB SWITCHMODE REGULATOR all SMD components (July 15) $10.00 


E auie) $5.99 BAD VIBES INFRASOUND SNOOPER - TDA1543 16-tit Stereo DAC 1C (Jun 15) $2.50 
‘ BALANCED INPUT ATTENUATOR - all SMD components inc.12 NE5532D ICs, 8 SMD 


100dB STEREO AUDIO LEVEL/VU METER 7 diodes, SMD caps, polypropylene caps.plus all 0.1% resistors (SMD & through-hole) (May 15) $65.00 
All SMD parts except programmed micro and LEDs (both available separately) (Jun16) $20.00 APPLIANCE INSULATION TESTER - 600V logic-level Mosfet. 5 x HV resistors: (Apr15 10.00 
RASPBERRY PI TEMPERATURE SENSOR EXPANSION og ie-level Mostet, 5c HV resistors: (Api) p= $10; 

Two BSO150N03 dual N-channel Mosfets plus 4.7kQ SMD resistor: (wayi6) $5.09 'SOLATED HIGH VOLTAGE PROBE - Hard-to-get parts pack: (Jan15) $40.00 


all ICs, 1N5711 diodes, LED, high-voltage capacitors & resistors: 
] www.siliconchip.com.au/shop 
*All items subect to availability. Prices valid for month of magazine issue only. All prices in Australian dollars and included GST where applicable..# P&P prices are within Australia. O’seas? Please email for a quote 
0117 


NOTE: Not all PCBs are shown here due to space limits but the SILICON CHIP ONLINESHOP has boards going back to 2001 and beyond. 
For a complete list of available PCBs, back issues, etc, go to siliconchip.com.au/shop Prices are PCBs only, NOT COMPLETE KITS! 


PRINTED CIRCUIT BOARD TO SUIT PROJECT: PUBLISHED: PCB CODE: Price: PRINTED CIRCUIT BOARD TO SUIT PROJECT: PUBLISHED: PCBCODE: Price: 
PIC/AVR PROGRAMMING ADAPTOR BOARD JUNE 2012 24105121 $30.00 COURTESY LIGHT DELAY OCT 2014 05109141 $7.50 
CRAZY CRICKET/FREAKY FROG JUNE 2012 08109121 $10.00 DIRECT INJECTION (D-1) BOX 4 - OCT 2014 23109141 $5.00 
CAPACITANCE DECADE BOX JULY 2012 04106121 $20.00 DIGITAL EFFECTS UNIT OCT 2014 01110131 $15.00 
CAPACITANCE DECADE BOX PANEL/LID JULY 2012 04106122 $20.00 , DUAL PHANTOM POWER SUPPLY NOV 2014 18112141 — $10.00 
WIDEBAND OXYGEN CONTROLLER MK2 JULY 2012 05106121 $20.00 REMOTE MAINS TIMER NOV 2014 19112141 $10.00 
WIDEBAND OXYGEN CONTROLLER MK2 DISPLAY BOARD JULY 2012 05106122 $10.00 REMOTE MAINS TIMER PANEL/LID (BLUE) NOV 2014 19112142 $15.00 
SOFT STARTER FOR POWER TOOLS JULY 2012 10107121 $10.00 ONE-CHIP AMPLIFIER NOV 2014 01109141 $5.00 
DRIVEWAY SENTRY MK2 AUG 2012 03107121 $20.00 TDR DONGLE DEC 2014 04112141 $5.00 
MAINS TIMER AUG 2012 10108121 $10.00 MULTISPARK CDI FOR PERFORMANCE VEHICLES DEC 2014 05112141 $10.00 
CURRENT ADAPTOR FOR SCOPES AND DMMS AUG 2012 04108121 $20.00 CURRAWONG STEREO VALVE AMPLIFIER MAIN BOARD DEC 2014 01111141 $50.00 
USB VIRTUAL INSTRUMENT INTERFACE SEPT 2012 24109121 $30.00 CURRAWONG REMOTE CONTROL BOARD DEC 2014 01111144 $5.00 
USB VIRTUAL INSTRUMENT INT. FRONT PANEL SEPT 2012 24109122 $30.00 CURRAWONG FRONT & REAR PANELS DEC 2014 01111142/3 $30/set 
BARKING DOG BLASTER SEPT 2012 25108121 $20.00 CURRAWONG CLEAR ACRYLIC COVER JAN 2015 - $25.00 
COLOUR MAXIMITE SEPT 2012 07109121 $20.00 ISOLATED HIGH VOLTAGE PROBE JAN 2015 04108141 $10.00 
SOUND EFFECTS GENERATOR SEPT 2012 09109121 $10.00 SPARK ENERGY METER MAIN BOARD FEB/MAR 2015 05101151 $10.00 
NICK-OFF PROXIMITY ALARM OCT 2012 03110121 $5.00 SPARK ENERGY ZENER BOARD FEB/MAR 2015 05101152 $10.00 
DCC REVERSE LOOP CONTROLLER OCT 2012 09110121 $10.00 SPARK ENERGY METER CALIBRATOR BOARD FEB/MAR 2015 05101153 $5.00 
LED MUSICOLOUR NOV 2012 16110121 $25.00 APPLIANCE INSULATION TESTER APR 2015 04103151 $10.00 
LED MUSICOLOUR Front & Rear Panels NOV 2012 16110121 $20 per set APPLIANCE INSULATION TESTER FRONT PANEL APR 2015 04103152 $10.00 
CLASSIC-D CLASS D AMPLIFIER MODULE NOV 2012 01108121 $30.00 LOW-FREQUENCY DISTORTION ANALYSER APR 2015 04104151 $5.00 
CLASSIC-D 2 CHANNEL SPEAKER PROTECTOR NOV 2012 01108122 $10.00 APPLIANCE EARTH LEAKAGE TESTER PCBs (2) MAY 2015  04203151/2 $15.00 
HIGH ENERGY ELECTRONIC IGNITION SYSTEM DEC 2012 05110121 $10.00 APPLIANCE EARTH LEAKAGE TESTER LID/PANEL MAY 2015 04203153 $15.00 
1.5kW INDUCTION MOTOR SPEED CONTROLLER (NEW V2 PCB)DEC 2012 10105122 $35.00 BALANCED INPUT ATTENUATOR MAIN PCB MAY 2015 04105151 $15.00 
THE CHAMPION PREAMP and 7W AUDIO AMP (one PCB) JAN 2013 01109121/2 $10.00 BALANCED INPUT ATTENUATOR FRONT & REAR PANELS MAY 2015 04105152/3 $20.00 
GARBAGE/RECYCLING BIN\REMINDER JAN 2013 19111121 $10.00 4-OUTPUT UNIVERSAL ADJUSTABLE REGULATOR MAY 2015 18105151 $5.00 
2.5GHz DIGITAL FREQUENCY METER - MAIN BOARD JAN 2013 04111121 $35.00 SIGNAL INJECTOR & TRACER JUNE 2015 04106151 $7.50 
2.5GHz DIGITAL FREQUENCY METER — DISPLAY BOARD JAN 2013 04111122 $15.00 PASSIVE RF PROBE JUNE 2015 04106152 $2.50 
2.5GHz DIGITAL FREQUENCY METER — FRONT PANEL JAN 2013 04111123 $45.00 SIGNAL INJECTOR & TRACER SHIELD JUNE 2015 04106153 $5.00 
SEISMOGRAPH MK2 FEB 2013 21102131 $20.00 BAD VIBES INFRASOUND SNOOPER JUNE 2015 04104151 $5.00 
MOBILE PHONE RING EXTENDER FEB 2013 12110121 $10.00 CHAMPION + PRE-CHAMPION JUNE 2015 01109121/2 $7.50 
GPS 1PPS TIMEBASE 3 FEB 2013 04103131 $10.00 DRIVEWAY MONITOR TRANSMITTER PCB JULY 2015 15105151 $10.00 
LED TORCH DRIVER MAR 2013 16102131 $5.00 DRIVEWAY MONITOR RECEIVER PCB JULY 2015 15105152 $5.00 
CLASSIC DAC MAIN PCB APR 2013 01102131 $40.00 MINI USB SWITCHMODE REGULATOR JULY 2015 18107151 $2.50 
CLASSIC DAC FRONT & REAR PANEL PCBs APR 2013 01102132/3 $30.00 VOLTAGE/RESISTANCE/CURRENT REFERENCE AUG 2015 04108151 $2.50 
GPS USB TIMEBASE APR 2013 04104131 $15.00 LED PARTY STROBE MK2 AUG 2015 16101141 $7.50 
LED LADYBIRD APR 2013 08103131 $5.00 ULTRA-LD MK4 200W AMPLIFIER MODULE SEP 2015 01107151 $15.00 
CLASSIC-D 12V to +35V DC/DC CONVERTER MAY 2013 11104131 $15.00 9-CHANNEL REMOTE CONTROL RECEIVER SEP 2015 1510815 $15.00 
DO NOT DISTURB MAY 2013 12104131 $10.00 MINI USB SWITCHMODE REGULATOR MK2 SEP 2015 18107152 $2.50 
LF/HF UP-CONVERTER JUN 2013 07106131 $10.00 2-WAY PASSIVE LOUDSPEAKER CROSSOVER OCT 2015 01205141 $20.00 
10-CHANNEL REMOTE CONTROL RECEIVER JUN 2013 15106131 $15.00 ULTRA LD AMPLIFIER POWER SUPPLY OCT 2015 01109111 $15.00 
IR-TO-455MHZ UHF TRANSCEIVER JUN 2013 15106132 $7.50 ARDUINO USB ELECTROCARDIOGRAPH OCT 2015 07108151 $7.50 
“LUMP IN COAX” PORTABLE MIXER JUN 2013 01106131 $15.00 FINGERPRINT SCANNER — SET OF TWO PCBS NOV 2015 03109151/2 $15.00 
LIL PULSER MKII TRAIN CONTROLLER JULY 2013 09107131 $15.00 LOUDSPEAKER PROTECTOR NOV 2015 01110151 $10.00 
LIL PULSER MKII FRONT & REAR PANELS JULY 2013 09107132/3 $20.00/set LED CLOCK DEC 2015 19110151 $15.00 
REVISED 10 CHANNEL REMOTE CONTROL RECEIVER JULY 2013 15106133 $15.00 SPEECH TIMER DEC 2015 19111151 $15.00 
INFRARED TO UHF CONVERTER JULY 2013 15107131 $5.00 TURNTABLE STROBE DEC 2015 04101161 $5.00 
UHF TO INFRARED CONVERTER JULY 2013 15107132 $10.00 CALIBRATED TURNTABLE STROBOSCOPE ETCHED DISC DEC 2015 04101162 $10.00 
IPOD CHARGER AUG 2013 14108131 $5.00 VALVE STEREO PREAMPLIFIER — PCB : JAN 2016 01101161 $15.00 
PC BIRDIES AUG 2013 08104131 $10.00 VALVE STEREO PREAMPLIFIER — CASE PARTS JAN 2016 01101162 $20.00 
RF DETECTOR PROBE FOR DMMs AUG 2013 04107131 $10.00 QUICKBRAKE BRAKE LIGHT SPEEDUP JAN 2016 05102161 $15.00 
BATTERY LIFESAVER SEPT 2013 11108131 $5.00 SOLAR MPPT CHARGER & LIGHTING CONTROLLER FEB/MAR 2016 16101161 $15.00 
SPEEDO CORRECTOR SEPT 2013 05109131 $10.00 MICROMITE LCD BACKPACK, 2.4-INCH VERSION FEB/MAR 2016 07102121 $7.50 
SIDRADIO (INTEGRATED SDR) Main PCB OCT 2013 06109131 $35.00 MICROMITE LCD BACKPACK, 2.8-INCH VERSION FEB/MAR 2016 07102122 $7.50 
SIDRADIO (INTEGRATED SDR) Front & Rear Panels OCT 2013 06109132/3 $25.00/pr BATTERY CELL BALANCER MAR 2016 11111151 $6.00 
TINY TIM AMPLIFIER (same PCB as Headphone Amp [Sept11])OCT 2013 01309111 $20.00 DELTA THROTTLE TIMER MAR 2016 05102161 $15.00 
AUTO CAR HEADLIGHT CONTROLLER OCT 2013 03111131 $10.00 MICROWAVE LEAKAGE DETECTOR APR 2016 04103161 $5.00 - 
GPS TRACKER NOV 2013 05112131 $15.00 FRIDGE/FREEZER ALARM APR 2016 03104161 $5.00 
STEREO AUDIO DELAY/DSP NOV 2013 01110131 $15.00 ARDUINO MULTIFUNCTION MEASUREMENT APR 2016 04116011/2 $15.00 
BELLBIRD DEC 2013 08112131 $10.00 PRECISION 50/60HZ TURNTABLE DRIVER MAY 2016 04104161 $15.00 
PORTAPAL-D MAIN BOARDS DEC 2013 = 01111131-3 — $35.00/set RASPBERRY PI TEMP SENSOR EXPANSION MAY 2016 24104161 $5.00 
(for CLASSiC-D Amp board and CLASSiC-D DC/DC Converter board refer above [Nov 2012/May 2013]) 100DB STEREO AUDIO LEVEL/VU METER JUN 2016 01104161 $15.00 
LED Party Strobe (also suits Hot Wire Cutter [Dec 2010]) JAN 2014 16101141 $7.50 HOTEL SAFE ALARM JUN 2016 03106161 $5.00 
Bass Extender Mk2 JAN 2014 01112131 $15.00 UNIVERSAL TEMPERATURE ALARM JULY 2016 03105161 $5.00 
Li'l Pulser Mk2 Revised JAN 2014 09107134 $15.00 BROWNOUT PROTECTOR MK2 JULY 2016 10107161 $10.00 
10A 230VAC MOTOR SPEED CONTROLLER FEB 2014 10102141 $12.50 8-DIGIT FREQUENCY METER AUG 2016 04105161 $10.00 
NICAD/NIMH BURP CHARGER MAR 2014 14103141 $15.00 APPLIANCE ENERGY METER AUG 2016 04116061 $15.00 
RUBIDIUM FREQ. STANDARD BREAKOUT BOARD APR 2014 04105141 $10.00 MICROMITE PLUS EXPLORE 64 AUG 2016 07108161 $5.00 
USB/RS232C ADAPTOR APR 2014 07103141 $5.00 CYCLIC PUMP/MAINS TIMER SEPT 2016 10108161/2 $10.00/pair 
MAINS FAN SPEED CONTROLLER MAY 2014 10104141 $10.00 MICROMITE PLUS EXPLORE 100 (4 layer) SEPT 2016 07109161 $20.00 
RGB LED STRIP DRIVER MAY 2014 16105141 $10.00 AUTOMOTIVE FAULT DETECTOR SEPT 2016 05109161 $10.00 
HYBRID BENCH SUPPLY MAY 2014 18104141 $20.00 MOSQUITO LURE OCT 2016 25110161 $5.00 
2-WAY PASSIVE LOUDSPEAKER CROSSOVER JUN 2014 01205141 $20.00 MICROPOWER LED FLASHER OCT 2016 16109161 $5.00 
TOUCHSCREEN AUDIO RECORDER JUL 2014 01105141 $12.50 MINI MICROPOWER LED FLASHER OCT 2016 16109162 $2.50 
THRESHOLD VOLTAGE SWITCH JUL 2014 99106141 $10.00 50A BATTERY CHARGER CONTROLLER NOV 2016 11111161 $10.00 
MICROMITE ASCII VIDEO TERMINAL JUL 2014 24107141 $7.50 PASSIVE LINE TO PHONO INPUT CONVERTER NOV 2016 01111161 $5.00 
FREQUENCY COUNTER ADD-ON JUL 2014 04105141a/b $15.00- MICROMITE PLUS LCD BACKPACK NOV 2016 07110161 $7.50 
TEMPMASTER MK3 AUG 2014 21108141 $15.00 AUTOMOTIVE SENSOR MODIFIER DEC 2016 05111161 $10.00 
44-PIN MICROMITE AUG 2014 24108141 $5.00 TOUCHSCREEN VOLTAGE/CURRENT REFERENCE DEC 2016 04110161 $12.50 
OPTO-THEREMIN MAIN BOARD SEP 2014 23108141 $15.00 > NEW THIS: MON TH) :.22200.0000000.20000%009209%.900.900.9.0,0.0 
OPTO-THEREMIN PROXIMITY SENSOR BOARD SEP 2014 23108142 $5.00 e SC200 AMPLIFIER MODULE _ JAN 2017 01108161 $10.00 3 
ACTIVE DIFFERENTIAL PROBE BOARDS SEP 2014 04107141/2  $10/SET : 60V 40A DC MOTOR SPEED CON. CONTROL BOARD JAN 2017 11112161 $10.00 4 
MIND AMPLIFIER SEP2014 01110141 $500 È SV AOA DG MOTOR SPEED CON MOSFET BOARD, JAN2OIZ | „1112182, $1250, |: 


. 
LOOKING FOR TECHNICAL BOOKS? YOU'LL FIND THE COMPLETE LISTING OF ALL BOOKS AVAILABLE IN THE SILKS & DVDs” PAGES AT SILICONCHIP.COM.AU/SHOP 


I have a question regarding the 
KA1732 Flexitimer kit I purchased 
from Jaycar and subsequently as- 
sembled. I don’t have any BASIC 
programming knowledge as recom- 
mended in this kit’s accompanying 
data sheet to help work out timing 
values and am seeking advice about 
what values I would need to change 
to get a delay start between 5 and 
10 seconds. 

Ibelieve the components R1, RV1, 
R2, and C1 need to be changed. Can 
you please help. (G. M., via email) 
@ The Flexitimer Mk3 project was 
actually published in Electronics 
Australia in March 1991. Accord- 
ing to the intro in that magazine, 


Ask SILICON CHIP 
- . . continued from page 99 


when necessary to prevent hum. 


Low-ESR capacitors 
for Ultra-LD Mk.4 


I am in the process of building sev- 
eral of your Ultra-LD Mk.4 amplifier 
modules, as featured in the July, Au- 
gust and September 2015 issues. Nei- 
ther Jaycar nor Altronics seem to carry 
the specified (optional) 1000pF 63V 
low-ESR electrolytic capacitors which 
can be fitted to the amplifier board. 

I note that they use a pin spacing of 
approximately 7.5mm and a can diam- 
eter of around 16mm but I can't read 
any brand or type markings on the ca- 
pacitors in the photos. Can you please 
tell me where you got these capacitors 
from? (B. C., Carrum Downs, Vic) 

@ Those are United Chemi-con EK- 
ZE630ELL102MLP1S low-ESR capaci- 
tors sourced from Digi-Key, part code 
565-1729-ND. They are rated for 5000 
hours life at 105°C with a typical im- 
pedance of just 19mQ and are quite 
reasonably priced at around $2 each. 

Since those capacitors are not ter- 
ribly critical to the operation of the 
amplifier module, with the high-fre- 
quency ceramic SMD bypass capaci- 
tors providing sufficient stability, you 
could use Jaycar RE6236 or Altronics 
R5188 instead. 

Neither are rated as low-ESR but 
they have reasonable ripple current 
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Flexitimer: changing values fora 5-10s interval 


the original design can time “... from 
a few seconds to a whole day”. As 
such, it can probably be configured 
for a 5-10 second interval without 
modifying any values. 

Basically, the timing interval is 
determined by the frequency that 
IC1 is operating at, with the mul- 
tiplier value selectable between 16 
and 8192. 

This suggests that for the sort of 
time interval you are talking about, 
you want IC1 to operate at something 
like 100Hz. That way you could use 
one of the intermediate division ra- 
tios such as 512 or 1024 to get your 
5-to-10 second delay. 

To set IC1 to 100Hz, you can refer 


ratings of around 1A each, albeit not 
as good as the United Chemi-con types, 
at 1.74A. 


Making your own 


cruise control 


Have you ever published a circuit on 
how to make your own cruise control 
for a motor vehicle? (J. & T., via email) 
@ We haven't published a recent 
cruise control project. There are many 
after-market cruse control kits avail- 
able from auto accessory shops that 
would suit your car. 

These include professional controls 
that match your vehicle and are de- 
signed for the particular vehicle and 
whether it has a cable-driven throttle 
or electronic throttle. 


Designing an ignition 
system can be tricky 


Irecently bought the November and 
December 2012 back issues of SILICON 
CHIP, along with a PCB, with the in- 
tention of building the High Energy 
Electronic Ignition System. 

When I read the article, I realised 
there were certain features I could do 
without, so I decided I would build 
the project, leaving out the dwell ad- 
justment, battery level monitoring and 
the FOLLOW option. 

By the time I had eliminated the 
features that I didn't require, I found 
myself basically looking at a microcon- 
troller (with its oscillator and power 
supply circuit), an IGBT and a trigger 


to figure 3 on page 7 of the LM555CN 
data sheet. We have a timing resist- 
ance of around 470kQ ohms, set 
by R2. 

If you follow the line on that 
chart for 1MQ, you will see that a 
10ms period (ie, 100Hz) is achieved 
with a capacitance of just over 
10nF. Double this to 22nF for 
470kQ. That would be a reasonable 
value for C1. 

So with C1 = 22nF and R4 con- 
nected to say pin 12 of IC2 (ie, Q9), 
you can check the resulting timing 
interval with a stopwatch or clock 
and then adjust either the linking 
option or trimpot RV1 to get the in- 
terval into your desired range. 


input circuit. 

I realised that this could easily be 
done with an RBBB Arduino board, 
as shown at: www.siliconchip.com. 
au/l/aaao 

I decided to use the Arduino purely 
because I can program it to suit my own 
individual requirements with regards 
to a mapped advance curve. I then set 
about building a hybrid of your design, 
using the Arduino at the heart of the 
circuit. I used the IGBT and voltage 
regulator from the SILICON CHIP design 
and very quickly had everything put 
together and operating on my bench. 

I am using a Hall effect sensor with 
the open collector pulled high and 
triggering on the falling edge when 
the magnet triggers the sensor. But I 
found that I had to do quite a lot of fid- 
dling about in order to make the sys- 
tem run stably. It suffers badly from 
interference. I found that I had to use 
a screened cable from my Hall sen- 
sor up my circuit board and a resistor 
spark plug. If I omit either of these, 
the whole thing goes totally berserk. 

I am just a bit perplexed how other 
circuits (such as yours) can manage 
to live with such high frequency in- 
terference. I have everything inside a 
shielded enclosure and I'm even a bit 
concerned that on the race start line, 
another neighbouring competitor's 
system (where no resistor plugs are 
used) might be enough to scramble 
my own ignition. 

Can you think why this system may 
be so fragile? Are there any fundamental 
flaws in what I have done, considering 


siliconchip.com.au 


MARKET CENTRE 


Cash in your surplus gear. Advertise it here in SILICON CHIP 


FOR SALE 


PCB MANUFACTURE: single to multi- 
layer. Bare board tested. One-offs to 
any quantity. 48 hour service. Artwork 
design. Excellent prices. Check out our 
specials: www.ldelectronics.com.au 


LEDs, BRAND NAME and generic 
LEDs. Heatsinks, fans, LED drivers, 
power supplies, LED ribbon, kits, 
components, hardware, EL wire. www. 
ledsales.com.au 


tronixlabs.com - Australia’s best value 
for hobbyist and enthusiast electronics 
from adafruit, DFRobot, Freetronics, 
Raspberry Pi, Genuino and more, with 
same-day shipping. 


PCBs MADE, ONE OR MANY. Any 
format, hobbyists welcome. Sesame 
Electronics Phone 0434 781 191. 
sesame @sesame.com.au 
www.sesame.com.au 


WANTED 


WANTED: EARLY HIFls, AMPLIFIERS, 
Speakers, Turntables, Valves, Books, 
Quad, Leak, Pye, Lowther, Ortofon, 
SME, Western Electric, Altec, Marantz, 
McIntosh, Tannoy, Goodmans, Wharfe- 


SILICON CHIP 


AS GOOD AS THE DAY 
THEY WERE BORN! 


A superb-looking 

| SILICON CHIP 

] binder will keep 
your magazines in 

pristine condition. 

* Holds up to 14 issues 


* Heavy duty vinyl 
* Easy wire inserts 


‘ORDER NOW AT 
www. siliconchip.com.au/shop 


dale, radio and wireless. Collector/ 
Hobbyist will pay cash. (07) 5471 1062. 


johnmurt@highprofile.com.au 


KIT ASSEMBLY & REPAIR 


KEITH RIPPON KIT ASSEMBLY & 
REPAIR: 

* Australia & New Zealand; 

* Small production runs. 

Phone Keith 0409 662 794. 


keith.rippon @ gmail.com 


VINTAGE RADIO REPAIRS: electri- 
cal mechanical fitter with 36 years 
experience and extensive knowl- 
edge of valve and transistor radios. 


KEEP YOUR COPIES OF/ 


Where possible, the SiLicon CHIP On-Line 
Shop stocks hard-to-get project parts, 
along with PCBs, programmed micros, 
panels and all the other bits and pieces 

to enable you to complete your 
SILICON CHIP project. 


SILICON GHIP 
On-Line SHOP 


www.siliconchip.com.au/shop 


Professional and reliable repairs. 
All workmanship guaranteed. $10 
inspection fee plus charges for parts 
and labour as required. Labour fees 
$35 p/h. Pensioner discounts avail- 
able on application. Contact Alan 
on 0425 122 415 or email bigal 


radioshack@ gmail.com 


DAVE THOMPSON (the Serviceman 
from SILICON CHIP) is available to help 
you with kit assembly, project trouble- 
shooting, general electronics and cus- 
tom design work. No job too small. Based 
in Christchurch, NZ but service avail- 
able Australia/NZ wide. Email dave@ 


davethompson.co.nz 
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[ ADVERTISING IN MARKET CENTRE [ 


| Classified Ad Rates: $32.00 for up to 20 words plus 95 cents for each additional word. Display ads in Market Centre | 
(minimum 2cm deep, maximum 10cm deep): $82.50 per column centimetre per insertion. All prices include GST. 

l Closing date: 5 weeks prior to month of sale. To book, email the text to silicon @siliconchip.com.au and include your l 
name, address & credit card details, or phone Glyn (02) 9939 3295 or 0431 792 293. 
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it is not so very different from your 
design? (N. M., Northern Ireland) 

© Some microcontrollers are much 
more susceptible to interference than 
others. For the Hall Effect input, 
maybe a low-value filter capacitor 
would remove glitches. Connect a 
10nF capacitor between Hall Effect 
output and ground (assuming a 10kQ 
pull-up resistor). Also, the supply 
to the Hall Effect unit should be fil- 
tered with a 100Q resistor and filter 


siliconchip.com.au 


capacitor (100pF). Make sure the mi- 
crocontroller supply is filtered well 
with 100nF capacitor across supply 
pins. 

We are not aware of how you pro- 
grammed the Arduino. Dwell needs to 
be the period that the coil is energised, 
but with a fixed delay before the next 
predicted firing. So a period counter 
is required to continuously count the 
period between each firing and then 
to start to charge the coil so that firing 


occurs after the dwell period at the 
next firing point. 

So the dwell starts before the next 
spark as predicted by the period coun- 
ter. The period counter is updated on 
every firing so as to keep up with RPM 
changes. 

Often when programming, you can 
develop this in stages starting with 
maximum dwell, then firing for a fixed 
period (1ms) before the coil is re-ener- 
gised. The coil needs protection from 
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burning out by using a ballast resis- 
tor. Then add in the dwell feature that 
starts to charge the coil a fixed period 
before firing. 

Note that if the RPM is high, the 
full dwell period may not be available 
as there isn't the time to fit in firing 
and the full dwell period before the 
next firing. You need to have a mini- 
mum firing period so that the dwell 
period will not reduce spark duration 
at high RPM. 


Can SiDRADIO be used 
with the Raspbery pi? 


Can I use the DVB-T dongle, as fea- 

tured in the SiDRADIO project (Oc- 
tober-November 2013) with the latest 
version of the Raspberry Pi? I have 
` subscribed to Silicon Chip for seven 
years and it's a great magazine! (C. J., 
Samson, WA) 
@ You possibly can but bear in mind 
that the SIDRADIO design is based on 
Windows software. If you wanted to 
interface to the Raspberry Pi, you need 
to use a different software package. 
Unfortunately, we are not ina position 
to help you with this but it looks like 
what you are asking about has been 
done already; have a look at: www. 
rtl-sdr.com/tag/raspberry-pi/ 


ETI 601 Music 
Synthesiser kit 


Ican see from your website that you 
are involved in old DIY kits from ETI 
magazine. I'm interested in purchas- 
ing the kits or parts (eg, PCB) for an 
old ETI Project (601 Music Synthesiser 
3600/4600: October 1973 to July 1974) 
about the construction of an ETI 4600 
analog synthesiser. (A. G., by email) 
© This was a true breakthrough 
project design for ETI and it has never 


been bettered. It is now over 40 years 
old and while virtually all of the elec- 
tronic components should still be 
available, there are no PCBs and nor 
do we have the PCB (tape) artworks in 
our archive, unfortunately. 

Even if the boards and metalwork 
were still available, building it today 
would be a very expensive proposi- 
tion and you would be able to provide 
all its facilities with a much cheaper 
digital design you can now buy off 
the shelf. 

However, if you want to peruse all 
the articles we can provide PDFs and 
these can be ordered from our online 
shop. 


Error compiling the 
Arduino ECG software 


I have downloaded the software for 
the Arduino-based USB ECG monitor 
that appeared in your October 2015 
issue. The problem is that when I veri- 
fy/compile the sketch, I get an error in 
"Assemblyinfo.cpp" as follows: "Sys- 
tem is not a namespace-name". 

I am running Windows 8.1 and I 
compiled the sketch on a computer 
with Windows XP with the same re- 
sults. Can you help please? (J. W., via 
email) 
© This sounds like an error with your 
Arduino IDE installation; "Assembly- 
info.cpp" is not part of our source code 
but it may be an internal file used by 
Arduino. We suggest you try install- 
ing the latest version of the Arduino 
IDE, in case the one you currently have 
installed contains an error. The latest 
version, at the time of writing this, is 
V1.6.12 and it is available as a free 
download. We just checked that the 
sketch compiles using the version we 
currently have installed (V1.6.7) and 
it completed without errors. SC 
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The February 2017 issue is due 
on sale in newsagents by Mon- | 
day January 26th. Expect postal 
delivery of subscription copies in 


Australia between January 24th and_| 
February 10th. 


SILICON CHIP magazine regularly describes projects which employ a mains power supply or produce high voltage. All such 
projects should be considered dangerous or even lethal if not used safely. 
Readers are warned that high voltage wiring should be carried out according to the instructions in the articles. When work- 
ing on these projects use extreme care to ensure that you do not accidentally come into contact with mains AC voltages or 
high voltage DC. If you are not confident about working with projects employing mains voltages or other high voltages, you 


are advised not to attempt work on them. Silicon Chip Publications Pty Ltd disclaims any liability for damages should anyone 
be killed or injured while working on a project or circuit described in any issue of SILICON CHIP magazine. 

Devices or circuits described in SILICON CHIP may be covered by patents. SILICON CHIP disclaims any liability for the in- 
fringement of such patents by the manufacturing or selling of any such equipment. SILICON CHIP also disclaims any liability 
for projects which are used in such a way as to infringe relevant government regulations and by-laws. 

Advertisers are warned that they are responsible for the content of all advertisements and that they must conform to the 
Competition & Consumer Act 2010 or as subsequently amended and to any governmental regulations which are applicable. 
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Exceptional, Cost-effective 


Full Turnkey PCB Service : 
from China's most experienced provider 


With 10+ years’ experience serving tens of thousands of international clients, 
our expanded custom PCB manufacturing, assembly and parts sourcing 
capabilities allow us to fulfill almost all kinds of PCB needs at 

reasonable price. 


We insist each electronic project (including those still at prototyping stage) 
deserves superior quality PCB services, that’s why we follow the strictest 
quality standards during production. Got a project ready to bring 

into reality? We're happy to discuss. 


+) WWW.PCBCART.COM 
3 Sales@pcbcart.com 


“Setting the standard for Quality & Value” 


THE INDUSTRY $ CHOICE! 


Precision 
Jobber Drill Set 


e Precision ground flutes 
e HSS M2 bright finish 

e 25 Piece Metric 

e Range: 1-138mm 

© 0.5mm increments 


8407.89 (01272) 


HSS Countersink 
Set 
e HSS M2 Bright Finish 


e Range: @2 - @20mm ( 
e Angle 45° f 


878-65 (01051) b 


Tap and Die Set 
Alloy Steel 


e Imperial fine & 
coarse set 

e 1/4"-1" thread range 

e Includes die holder & 
2 x tap wrenches 


n 
$480.49 (1015s) = 


WHG-6 l 
Digital Height Gauge 


e Horizontal and vertical 
measuring capable 

e Digital reading in mm, inches 
and fractions 

0 - 150mm measuring range 

e Includes battery 


842-35 (W643) 


Digital Caliper 4 

¢ 150mm / 6" r 

e Metric, inch & fraction È 
e 4-way measuring ļ 


e Includes battery 


Staff Member 


UNIQUE PROMO CODE 


SCA29D 


ONLINE OR INSTORE! 


Precision Jobber 
Drill Set 


Precision ground flutes 
e HSS M2 bright finish 
e 29 Piece Imperial 
e Range: 1/16 - 1/2" 
e 1/64" increments 


£444.95 (01282) 


Hole Saw Set S 
General Set 


e M42 Bi-Metal high 
speed steel 

© 19, 22, 25, 32, 35, 38, 
44, 51, 57, 64, 76mm 

e Includes 3/8" & 1/2" 
arbor shank & pilot drill 


bs 
Cass) 


£432 (0102) 
HL-36FF Fluorescent 
Work Light —  @& 


© 36 Watts, 240V 

e Double lamp tubes 

e Head swivels 310° & tilts 210° 
e Dust proof light head 


8499-50 (L2825) 


70-616 
Feeler Gauge 


©0.03 - 1.0mm range \! 
e High grade tool steel + Wh. I 
e Hardened namperet, 
& polished > 
$49.95 (Q616) EN 


4 Piece Measuring Kit 


e0 - 25mm Micrometer 
e 150mm / 6" Rule 
150mm / 6" Vernier 
e 100 x 70mm 

Square 


www.machineryhouse.com.au/signup 


HSS Jobber 
Drill Set 


e HSS precision 
ground flutes 

© @1.0~910mm in 
0.5mm increments 

e 10 drills per size up 
to 8mm then 5 per size 


5298-26 (0126) b 


Tap and Die Set 


e21 Taps coarse threads 
e M3x0.5, M4x0.7, 
M5x0.8, M6x1.0, 
M8x1.25, M10x1.5, 
M12x1.75 
e7 Dies x 1" 


$456.20 (T013) 


HL-22FR Fluorescent 
Work Light 


e 22W fluorescent tube 
e Swivel & g 
pivoting arm 
e Includes 
magnified lens 
© 240V / 10amp 


5484-56 (L282) 


Metric & Imperial Drill 
Gauge 


e Stainless steel 
1 - 13mm 
© 1/16 - 1/2" 


548-45 (M988) 


EDBD-13 

Drill Sharpener 
©3-13mm or 1/8"-1/2" 
e CBN grinding wheel 
e Split point 

© 80W, 240V motor 


£449.96 (0070) 


V PAPERLESS WARRANTY 
V TRACK YOUR ORDERS 
V EXCLUSIVE OFFERS 

V LATEST RELEASES 


A family 
aÑ owned 


Australian 
P ~ business 


f~ 


pstablished 1939 


Sheet Metal Step 
Drill Set 


e HSS M2 bright finish 

e For drilling holes in thin material f 

e Sizes; 4-12mm x 1mm, 
6-20mm x 2mm, 6-30mm 
x 2mm 


896-75 (01071) 


Tap and Die Set 
Alloy Steel 


e Metric fine & coarse set 
e M6 - M24 thread range 
e Includes die holder & 

2 x tap wrenches 


a 


8480.40 (1014) Sse 


WHG-3U Mini Digital 
Height Gauge 


e Ideal for saw blades & routers 
e Metric, inches and fractions 

© 0 ~ 80mm measuring range 

e Auto shut-off - 3 minutes 

e Magnetic base 


835-28 w644) 


Steel Rules 


SIZE 

150mm 87-45 (Q620) 
300mm 845.95 (Q621) 
600mm 823-49 (Q622) 
MH-826 

8M Tape Measure 

+8 Metre 


¢ 25mm width 
* Belt clip on side 


= | 


$42.49 (M750) 


V ONLINE PROMOS 
vV CLICK & COLLECT 
vV COMPETITIONS 


VIEW AND PURCHASE THESE ITEMS ONLINE AT 
www.machineryhouse.com.au/SCA29D 


SYDNEY 
(02) 9890 9111 


1/2 Windsor Rd, 
Northmead 


BRISBANE 
(07) 3274 4222 


625 Boundary Rd, 
Coopers Plains 


MELBOURNE 
(03) 9212 4422 


1 Fowler Rd, 
Dandenong 


PERTH 
(08) 9373 9999 


11 Valentine St, 
Kewdale 


Specifications & Prices are subject to change without notification. All prices include GST and valid until 31-01-17 


